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ABSTRACT

Architectures of computer systems based on Data Flow (DF) concepts attracted

great attention as an alternative to conventional sequential architectures (Von Neumann).

DF architectures are capable of efficiently exploiting a massive amount of parallelism

':1herent in many types of computation. They are programmed using directed graphs

whose vertices are function modules and whose edges denote data dependencies between

function modules. An important subclass of DF is Large Grain Data Flow (LGDF) which

is efficiently used in computation intensive appli.cations, such as signal processing. Pres-

ently, most leadoffs incorporate nondeterministic run-time technique to allocate system

resources to support the execution (One such technique could be First Come First Served).

Despite of the usual simplistic nature of scheduling techniques which, results in a low run-

time overhead, the system throughput and predictability could rapidly degrade under high

system load. To provide uniform output and improve the resource usage even under a high

load, a compile-time technique called Revolving Cylinder (RC) was introduced. In this

thesis, we present a LGDF simulator and a Graph restructurer that restructures the given

graph according to the RC technique. We then perform a comparative experimental study

of the different implementation of RC and the FCFS scheduling techniques. Our results

demonstrate that there is a high potential for the RC technique, if a satisfactory node map-

ping technique is developed.
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1. INTRODUCTION

A. DATA FLOW ARCHITECTURES

The Data Flow (DF) architecture is an alternative to Von Neumann architecture and is

capable of exploiting a massive amount of parallelism inherent in many types of

computation. In the DF model of computation, a program is represented by a directed graph

in which the nodes denote operations and the arcs connecting them represent data

dependencies. Nodes become ready when their operands arrive, thus computations are

data-driven. The DF model supports concurrent execution of ready nodes. In this model,

execution of nodes is asynchronous because of its data-driven nature. Also, computations

are free from side effects. There is no notion of shared data storage and results are conveyed

directly by means of data arcs, [KARP 661. These properties imply that multiprocessor

architectures based on DF model need not suffer from the synchronization and coordination

overheads incurred in Von Neumann architectures.

Depending upon the chosen granularity, DF architectures can be categorized in two

groups: Large Grain Data Flow (LGDF) and Fine Grained Data Flow (FGDF)

architectures. The granularity of nodes is crucial to the effectiveness of multiprocessing.

For a given application, the larger the node grain size, the smaller the degree of parallelism

that can be exploited. However, the larger the grain size, the smaller the amount of

communication overhead that is incurred. Thus, fine granularity does not necessarily imply

better performance, because it also increases communication overhead, which affects the

parallelism exploited. The choice of granularity can be influenced by software engineering

considerations as well as by parallel processing considerations, [LEE 891.

Real-time compute-intensive applications require predictable response time and high

performance as measured by throughput. Satisfying response time and throughput

requirements are critical for the correct functioning real-time applications. The

predictability of both response time and throughput can be influenced by resource
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allocation and communication overhead. Resource allocation and communication

overhead can be controlled at compile-time and at run-time to lead to high throughput and

deterministic response time.

Based on how a graph node and arc attributes are used at compile-time and how much

control information is generated to aid the run-time mechanism, DF scheduling

implementations can be classified as fully dynamic, self timed, static, fully static. Fully

dynamic allocation performs all scheduling of nodes at run-time based on the readiness of

inputs and resource availability. In a self timed allocation system, compiler determines the

order of the node execution and allocates resources, but execution of the nodes is

determined at run-time by data arrival. Static node allocation involves the assignment of a

node to a processor, but the order of execution is left up to run-time scheduler based on the

node's input data. In fully static allocation, the compiler determines the exact execution

time assignment, and ordering of nodes based on that node's predicted behaviour, [LEE

90].

B. OBJECTIVES

First-Come-First-Served (FCFS) is a scheduling strategy where the ready node

primitives are ordered by the time they become ready. High system loads may cause

memory contention and imperfect computation/communication overlap resulting in a

degradation of throughput and unpredictable response time. The FCFS strategy does not

exert any run-time control to solve the above mentioned problem.

In this thesis, compile-time analysis of LGDF graphs is carried out using the

Revolving Cylinder (RC) technique. RC restructures the original graph to obtain high

throughput and predictable response time, [SLZ 92]. Performance analysis of results

obtained by simulation is carried out to compare merits of different approaches.

1. Scope of the Thesis

In [LIT 91] and [SLZ 92], the RC approach to determine the node execution

sequence was first suggested to enhance the system throughput.
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This thesis refines the RC approach and its scope is analysis of previous work

[LIT91] [BELL 92],development of an event driven simulator (PIPDAFS) for LGDF

machines, and finally comparison of techniques for graph restructuring using the RC

approach.

C. THESIS ORGANIZATION

Chapter II reviews the RC approach and the previous work accomplished in the area.

In Chapter III, we present PIPDAFS (Periodic Inputs DAta Flow Simulator) and sample

runs.In Chapter IV, we discuss and compare the graph restructuring techniques and

analysis of the experimented results. In Chapter V, we conclude from the results along with

suggestion for future work to be done.



II. BACKGROUND

A. REVOLVING CYLINDER ANALYSIS

The Revolving Cylinder (RC) technique for determining the node execution sequence

performs compile-time analysis and results in the restructuring of the graph, [LIT 91], [SLZ

92]. RC technique restructures the application, described by a LGDF graph by using the

machine configuration and the application graph as input.

The first step towards restructuring is to layout the graph nodes in a schedule that

achieves some purpose (e.g. no nodes reading or writing from the same memory modules

at the same time). The graphs that we deal with are Directed Acyclic Graphs (DAG). We

benefit from research done on fine grained scheduling of parallel loops.

Loop scheduling literature [RAU 81] [HSU 86], has dealt with the problem of

scheduling multiple iterations of the same parallel loop (represented by a DAG) to saturate

the available resources. The resultant schedules possess a minimal initial cost for iterations,

while possibly extending the completion time of each iteration.

Our scheduling technique can benefit from these results by noting that the real-time

applications that we deal with require multiple instantiations of a DAG each of whose

nodes is a large-graineJ primitive. These multiple instantiations have similarities with the

execution of parallel iterations of a loop. Based on that, we drive the following scheduling

principlel:

"The schedule(s) providing the maximal throughput with minimal initiation interval

for a DAG depend only on the resource requirements of the DAG nodes and not on the

topology of the DAG."

1. This principle can be obviously deduced from the work of (RAU 811 and [HSU 861 although it was not
explicitly mentioned there.
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This principle simply states that schedules with the same throughput can be found for

different DAGs as long as they have similar sets of nodes with respect to the resource

requirements. As a result of this principle, it might be worthwhile to reduce the DAG to be

scheduled to an equivalent DAG with the same set of nodes and an empty set of edges E

before scheduling it as will be shown below.

The following examples should clarify the principle:

1 a

lb 2

2d 4 e

4f2

(a) (b)
1Q

102

(c)

Figure 2.1. Sample Directed Acylic Graphs (DAG) (a)DAG I (b)DAG 1I (c)DAG HI[

The DAG 1, DAG H and DAG II are three graphs with same node requirements and

different edges. Then according to the above principle, they can have the same schedule

which produces the same throughput. Two example of the many possible schedules for

these graphs are shown in Figure 2.2a and Figure 2.2b, (The schedules assume two
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processors).These examples depict the node execution pattern that is induced by a

schedule. The nodes might belong to different instances. The exact instance to which a node

belongs depends on the set of edges (that has been ignored so far) are in tables 1,2,3. We

say nodes in the schedules with the indices of the instances they belong to. The above

principle reduces optimal throughput of a DAG scheduling to a bin-packing problem.

While the set of edges in a DAG has no effect on the potential throughput of the DAG, it

will affect the instance response time associated with any schedule.

P1 P2 P1 P2
a e c e

f e c e

f e f e

c e f e

c d d a

b d d b

(a) (b)

Figure 2.2. Two possible schedules for graphs with two processor
The schedules can be enforced as it is depicted Table 1, Table2 and Table 3

respectively.

Table 1: Compact Representation of the schedule I on DAG I

PI P2

ai ei-l

fi-2 ei-1

fi-2 ei-I

ci ei-!

ci di- I

bi di- I

cj•m



Table 2: Compact Representation of schedule II on DAG I

P1 P2

ci-1 ei-2

ci- 1 ej-2

fi-3 ei-2

fi-3 ei-2

di- I ai
di- I bi

Table 3: Compact Representation of schedule I on DAG III

PI P2

ai ei

fi ei

fi ei

ci ei

ci di

bi di

Consider the Tables I and 2 both of which show an indexed version of schedule I and

11 on DAG 1. The corresponding schedule of one instance of DAG I using the Tables I and

2 are shown in Figure 2.3a and Figure 2.3b respectively. It is clear that these are different

schedules possessing the property that they yield the same throughput.

The algorithms for assigning indices to the nodes in a schedule and to synchronize the

nodes so as to be faithful to the schedule are the main purpose of "RC Scheduling". These

algorithms can be found in, [SLZ 921.

The name "Revolving Cylinder" reflects a way looking at the schedule by wrapping

the nodes around a cylinder, thereby causing its end to meet its beginning. For each node

in the original graph, with the top and working toward the bottom, attempt to schedule the

node at its earliest start time If it can not be inserted at that time, delay the start time by the

a 7_ __ _



width of a slot and repeat until it can be inserted. The earliest start time of all descendants

of that node and repeat the above sequence with the next node as the top node in the graph,

[LIT 91] and [SLZ 921.

P1 P2 P1 P2

I ao 1
2 2

3 3

4 co 4
5 co 5 ao

6 b0 6 b0

7 a, e0  7 co
8 e0  8 co

9 e0  9

10 cl e0  10
11 cI do 11 do a1

12 b1  do 12 do b,

13 a2  el 13 cl e0

14 fo e1  14 cl e0

15 f0  e1  15 e0

16 c2  el 16 e0

17 c2  d1  17 dI a2

18 b2 d1  18 dI b2

19 a3  e2  19 c2 e1

20 ft e2  20 c2  eI

21 ft e2  21 f0  e1

22 c3  e2 22 f0  el

23 c3  d2  23 d2  a3

24 b3  d2  24 d2  b3

(a)Schedule I (b) Schedule H

Figure 2.3. Execution cycles of the schedule I and schedule II on DAG I
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In Figure 2.4, the execution of RC belonging to the DAG I is shown. Each node of the

graph occupies a portion of the cylinder equal to its execution time. And a new instantiation

could be started every six cycles, when two processor are used. Thus another instance of

the graph can be overlapped with the first instance after six cycles. To prevent any conflict

on the graph execution when instances are overlapped, nodes are assigned indices. For the

example presented in Table I, el can not be executed at the same time as a, however, e0

can, [SLZ 921.

0D I Co6
1 2 2 3 4 4 5

C6 eo C6 es C ae9 es g oe

Ca, ba.. a, CI
a6•9 10

5 6 6 7 8 9

eo oeC d=1 I• 1 -= •'* -. ___ _~° -., __ e,
C6 a1 . CI b, ~C61  a2  a6 bi a2

8119 ", 12 13 1 14
9 10 10 11 1 12 12 13

I 15.1 .16 7 8
13 14 4 5 15 16 16 17

Figure 2.4. Execution of DAG I with Schedule I
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B. IMPLEMENTATION OF RC

Once all nodes have been inserted into the cylinder, then node indices based on their

location on the cylinder can be determined. Figure 2.5 depicts the node indices of DAG I

on schedule I.

P1 P2

a 0

f -2 e -1

Co0

Sb 0

Figure 2.5. Node indeces of DAG I with schedule I.

Dependency arcs are created by using these indices. The dependency arcs belonging

to DAG I according to the schedule I are shown in Figure 2.6. Detailed explanation of node

index assignment, and dependency arc creation is given in Chapter IV.

(i,j,k)=>
i: initial tokens
j : threshold
k: Consumption/

production qty.

Figure 2.6. A Possible Restructure of DAG I
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The labels on each dependency arcs indicates the initial tokens, threshold and

consumed amount of sink node respectively.

C. POTENTIALS OF THE RC ANALYSIS

The RC technique of restructuring the application provides an improvement that the

dependencies enforce node execution in order to provide more throughput and predictable

response time. Without any extraneous control the FCFS scheduling can provide uniform

throughput. The nodes receiving external data are ready for execution independent of the

status of other nodes in the graph. If external data arrives more frequently than the

execution frequencies of the lower nodes of the graph, they fall behind the upper nodes of

the graph. This results in the upper nodes output queues going overcapacity, preventing

them from entering the ready node list, [POPS 90].

It is possible to enforce the execution order loosely. Enforcing the cylinder loosely

would make the system fully dynamic where the nodes are scheduled at run time only. It is.

preferable to run the system in fully dynamic mode. The RC technique and subsequent

restructuring simply enhance the fully dynamic mode.

It is also possible to enforce the execution order strictly which would make the system

fully static. For each node of the graph a specific processor and exact time to begin

processing can be given from the cylinder. This can be enforced directly by the scheduler

to yield the fully static mode. But the running the system in the fully static mode is

unwarranted. This mode of operation can be limited to the machines which do not have a

dedicated run-time scheduler. The failure of a single processor will crash the whole system.

This is unacceptable in a real-time system.Also since, all processors are assumed to be

identical, it becomes unnecessary to assign a specific pocessors to a specific node. If a node

is ready for execution, it can be assigned to the first available processor. This will reduce

the amount of time a node waits for a proces.z3," in the fully static case, and provides

flexibility and optimal utilization of system resources, [LEE 90].
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lII. SIMULATOR

A. PROGRAM MODEL

The input to Periodic Input Processing DAta Flow Simulator (PIPDAFS) is a

directed graph. Nodes are the computation to be performed on the input data.

Data passing lnks between the nodes are FIFO queues. Each node reads data from its

input queue, performs a nontrivial computation and writes the produced data to the output

queues. A node is assured to carry no history. An example of a program graph which

PIPDAFS will simulate is shown in Figure 3.1.

Sampled input Sampled input
data data

E1 =2000 E, = 2000

P,=4 2 P2 = 4
Q1 =2 Q2 = 4

R R2.3=41.3 = •C 2,3 =6 / 2 A --4

C1,3= 6 C2 ,4 --6

E, = 10000
E3 100004
P3 =2 Q 4 =4
Q 3 2 "

Figure 3.1. Sample program graph

The functionalities of the nodes are not simulated in PIPDAFS, only the resource

requirements and computation times are. For each node and queue following quantities are

prespecified and is fixed across different invocation of the graph.

Node Execution Time (Ei): It is the execution time of node i excluding any

communication and synchronization overhead.

Data Production Amount (Pi): It is the amount of data that node i produces to its

output queues for every invocation.

12



Data Consumption Amount (Qi): It is the amount data that node i consumes from

its input queues for each reading.

Data Threshold Amount (Rid): It is the least amount of data to be present in queue

(ij), so that node j can start execution.

Data Capacity Amount (Ci,): It is the maximum amount of data queue (i~j) can

store.

When a source node finishes its execution, it starts to write results to the output

queues, output queues current lengths are incremented by production amount of source

node. If current length of the queue is greater than threshold quantity then queue is said to

be over-threshold. Queues can not be overcapacity since source nodes which will cause

overcapacity can not be ready. Input queue sizes are updated as soon as a node consume its

data from that queue. When data is consumed the queue current lengths are decreased by

data consumption quantity. Input data for a node are queued and consumed in FIFO order.

Node production amount can be different from the consumption amount as it is depicted in

Figure 3.1. Queues do not only communicate data, but also, they can communicate

synchronization information.

El E 2  E3  En

Qi Q2 Q ( 1

1 2 3 n E1 Execution time of node

R.R1 P,: Data Production Amount of node i

C).t4 CIN CN I.N,,, Q,: Data Consumption Amount of node i

EN f~j:Data Threshold Amount of queue

PN N from node i to node j.

C,,:Data Capacity of the queue from

R 1 I R j node i to node j.
.I CiN. .1 LV: Current Length of queue from

node i to node j

Figure 3.2. A sample graph node with its associated queues.
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Assuming the node N in Figure 3.2 whose input queues are numbered from I to n

and output queues are numbered from 1 to m.Let us accurately describe the conditions in

which a node can be ready to be executed:

Queue Current Length (Lid): Current length of the queue (ij).

Queue which links node i to node N, is overthreshold when;

Lir >: RiŽ N for all i, l-4n

Queue which links node i to node N, is overcapacity when;

Li,N > Ci.N for all i, 1-4n

When node setup is completed each input queue of the node is consumed.

Li.N = LiN -QN for all i,I--n

When a node is executed each output queue of the node is written.

LNj=LNj+Pi forallj, l--m

A node is ready to execution when following conditions are satisfied.

i.) L jiN -Ž R iN for all i, l---ýn (All input queues are overthreshold.)

ii.) L Nj+P N 5 C Nj for all j, l->m ( All output queues has enough space

to store the results.)

iii.) If tn is the completion time of nth instance of node i, then

tn+1 > tn + Ei for all i, 1-->n (A node can not have multiple instances

executing at a time.)

Input data arrival has a periodic nature. In every period 1/0 processors execute

1/0 nodes. The I/O nodes read the raw data from the external units such as sensors, format

it, and forward it to its output queues. If the data arrival rate is higher than I/O node

execution, then there is a chance of having new data overwrite the old data causing a data

loss. It is the responsibility of application programmer, to ensure the program correctness

by either choosing a computation which is not sensitive to mild data loss or by choosing an

appropriate rate that can be met almost always by different machine components.

14



B. MACHINE MODEL

The machine model we assumed is based on three functional components: the

Scheduler(SCH), Processors (GPs, IOPs), Global Memory Modules (GMMs). As data for

the nodes becomes available, each node must be scheduled to execute on a processor. The

machine model can be seen in Figure 3.3, and its functional components are described

below in details.

[queue ndm'th holdEueecuteer110 node

P I -II

Figure 3.3. Machine model.

1. Processors

a. Generic Processors (GPs)

Based on the schedule signal a GP will read the primitive code and the

necessary queue data from the GMMs (set-up stage), it will execute the designated

primitives, and write the output queue data back to the GMMs.(breakdown stage). A

maximum of three nodes can be associated with an GP at any one time

i.) One node being setup.

ii.) One node executing.

iii.) Another node being broken down.

15



It is important to note that, if a node is being broken down, a node assigned to set

up on the GP can not start to set up (although it has been assigned to that GP).

Allowing set up and break down to overlap with execution is the main mechanism

for allowing computation-communication overlap.

A processor is said to be free and available for reassigning by the scheduler, if the

setup stage is not busy. Needless to say that this concept of a free processor is different from

the classical definition of what a free processor is. A processor can still be executing and

be considered free. The purpose of that is to allow for maximum computation and

communication overlap.

When the data is ready for an internal node, SCH sends a signal to GMM to send

code to assigned GP. Each GP has a local memory which capable of storing the primitive

code and the input data. As soon as GP acquires the code seeks input data from GMMs.

When a GP finishes node set up informs the SCH that it is free.

b. Input/Output Processors(iOPs)

Input nodes periodically receive data from the sensors. IOPs execute the input

node of DFG by formatting the raw data and writing to their output queues. Output nodes

are also executed at lOPs and lOPs redirect the ready data to the next stage in the system.

When the data is ready for input or output nodes, SCH sends a signal to an

[OP to execute the specified input or output node. lOPs send a signal to GMMs for writing/

reading.

2. Global Memory Modules(GMMs)

The GMMs provide the data storage for the machine. These GMMs are different

from a typical computer memory, since each is proactive (each has some sort of a

processor) and operates independently. Each data queue is allocated to a single GMM for

storage. When a GP starts node setup, input data queues are consumed. When a GP finishes

execution all the output queues from the completed node are produced (written) to the

appropriate GMMs. After each produce and consume queue, current lengths are updated.

16



GMMs check for overthreshold or overcapacity conditions. If GMM recognize a over_

threshold informs the scheduler. When a node is assigned to an GP, SCH instructs to GMM

to write primitive code to the GP's local memory. Upon receiving the primitive code by GP,

it asks appropriate GMMs for input data. GMMs only communicate with one processor at

a time. If there are requests while GMM is busy, these requests are waited for GMM to be

available.

3. Scheduler

In this model, SCH works like a dispatcher and maintains two list one for the

ready nodes and the other one for processors which indicates the free processors. SCH

dispatches the ready nodes to the free processors. A node can be in three different state

i.) Ready node; which is waiting in the ready list to be assigned to a free

GP to be executed.

ii.) Processing node; which is assigned to a processor and is in one of the

setup, breakdown or execution stages.

iii.) Waiting Node; which is waiting for input data's being ready or output

queues having enough space or both.

A node becomes ready, if all of its input queues are over threshold and output

queues will not be over_ threshold after the node execution. When a node becomes ready,

it is put into the ready node list and then SCH attempts to match a free processor to a ready

node. When a processor finishes node setup and start to node execution, it is indicated as

free processor, and SCH checks the ready node list, if ready node list is not empty then

attempts to match a ready node to the free processor.

We assume that SCH runs on a dedicated processor.1

1. Alternatively Scheduler could be made to run on a CP with a high priority.
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C. SIMULATOR DESCRIPTION

PIPDAFS is an event driven simulator, events are stored in a queue which is

prioritized by their time stamps. The simulation terminates when a certain number of

instances i prespecified by the user) has been executed. The event queue is first initialized

with events denoting readiness of the input nodes, then the rest of the events are produced

from these initial events. An instance is counted as started when one of the input nodes

belonging to that instance has started to setup. An instance is counted as completed, when

all of the output nodes belonging to that instance have finished breakdown. The events that

may occur during the simulation are shown in Figure 3.4. In Figure 3.4 simulation starts

from the reach-productonevent and terminates with finishbreakdown event.The events

are;

1) Reach-productionperiod: This event is produced periodically by the external

input data and if ti' ý output queues of input node has enough space, makes the input nodes

ready to execute. This event produces the Inputqueuesoverthreshold and the

Reach-production__period events.

2) Inputqueuesoverthreshold: This event indicates that all input queues of a node

are overthreshold. In other words, input data is available for node execution. While

processing this event output queues are checked whether they enough space to store the

results or node is an output node. If the output queues have space or the node is an output

node then the Ready-node event is produced to indicate that node is ready to be executed.

3) Ready-node: This event indicates that node is ready to be executed and can be

put into the ready node list and be scheduled to a free processor. If a previous instance of

the ready node is currently executing then according to the policy (defined by the user

before simulation) ready node may be put into the ready node list, but not executed until

previous instance has been completed or ready node not even put into the ready node list.

For each ready node added the Schedule_anode-fromjreadyjist event is produced.
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4) Schedule_a_nodefrom-ready-list: If both the free processor list and the

ready node list were not empty. This event attempts to match a ready node to a free

processor. If the attempt is successful, it produces Startsetup event.

5) Start-setup: This event is produced, when a ready node matches to free

processor successfully. If the node is the first input node of a new instance, then it will

indicate the time for a new instance start.

6) Startreadinginstructionstream: This event keeps trying to read the

instruction stream until the memory module, where instructions are stored is not busy.

Then it marks the memory module as busy and produces the

Finishreadingginstructionstream event.

7) Finish reading_instructionstream:This event marks a memory module as

not busy and for each input queues of the node whose instruction stream was accessed, the

Startreadqueue event is produced.

8) Startreadqueue: This event keeps checking a memory module and assigned

processor until memory module is not busy and processor is not reading, then the

Finishreading event is produced. Reading is simulated by time delay.

9) Finishreading: This event completes the reading of the queue. If it is the last

queue which is to be read, then Finish-setup event is produced.

10) Finish-setup: If processor is not executing and break, - .tage is not busy,
setup can be finished. When setup is finished, Free processor an( ', execution events

are produced. Otherwise finish-setup event is reentered with a new time stamp.
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11) Free__processor: This event indicates that processor is free and produces the

Schedule-a nodefrom ready list event is produced.

12) Start-execution:This event produces Finishexecution event.

13) Finishexecution: If breakdown and setup stages are not busy, then produces

the Start_breakdown event else checks whether setup stage is waiting for execution to

finish or not. When setup stage is waiting for execution to finish, Finish-execution event

is produced in order to prevent deadlock. If neither setup stage is waiting for execution stage

nor setup and breakdown stages were not ready then Finishexecution event reentered

with a new time stamp.

14) starbreakdown: This event produces Start-write-queue event for each

output queue and indicate the assigned processor as not free. Since setup and breakdown

can not happen concurrently in this model.

15) Start.writequeue: If memory module to be written is not currently busy

and processor is not currently writing, then the Finishwriting event is produced else

Startwrite.queue is reentered with a new time stamp.

16) Finishwriting: This event completes the writing to the queue. If it is the

last queue to be written, produces the Finishbreakdown event. Updates the output

queue's current length. If queue length is overthreshold produce the

Queue-overthreshold event.

17) Finishbreakdown:This event completes the breakdown. If the node

completed is the last output node of that instance, it is assumed that an instance is finished

and instance finish time is written a file namely endtimes.
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18) Queuesoverthreshold: This event checks the all input queues whether all are

overthreshold or not. If all are overthreshold, then the lnputqueuesoverthreshold event is

produced.

19) Free scheduler This event marks the scheduler as not busy and produces

Schedule a nodejfromjreadylist event. Scheduling time can be defined by the user. This is

useful in runs when the overhead of scheduling is a problem research.

D. SIMULATOR PROGRAM DATA STRUCTURES

The simulator is written in C++. Its data structure and class dependencies are depicted in

Figure 3.5. The simulator code is given in Appendix B.

E. USER INTERFACE

1. Input

To execute the simulator user simply invokes the executable version and follows the

on-screen prompts. The simulator collects data about machine from file machine.config.

Graph data is stored in the file graph.dat. Also the memory assignments is given in the file

memory.dat. A sample graph data and a machine configuration file is given in Appendix A.

Besides the graph and the machine files, user is prompted for the following data:

- Instance Start Number The instance number when information gathering is

started.

- Instance End Number. The instance number when the simulation will be

completed.

- Instance Overlap: It the amount of overlap between the multiple instances of

the same node. It could be none which means while a node instance is ready, another instance

of the same node can not be ready. Or it could be overlapped which means multiple instances

of a node can be ready in the ready node list, but only one of them executed at a time.
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- Node Execution Priority: It is the priority for scheduling the nodes in the

ready node list. User choose of the following:

Shortest First (Execution time): Nodes in the ready node list are

ordered by their execution times.

Longest First (Length): Nodes in the ready node list are ordered by

their length.

Random: Node's priorities are defined by the simulator randomly.

User Defined: Node's priorities are defined by the user.

No Priority(FCFS)

- Data Period: User may want to repeat the simulation for different data

periods without changing the other data. This time in order to prevent, the user from

reinvoking the simulator. The initial data period and final data period with increment

amount is asked by the simulator.

Start Period: It is the data period where the simulation will start.

End Period: It is the data period where the simulation will finish.

Interval: It is amount of increase in the data rate for after each simulation.

2. Output

After the simulation is completed, following data is produced:

- Processor Utilization (Considering setup and breakdown as useful

utilization): It is stored in file utilization.dat.

- Processor Utilization (Only execution): It is stored in file execution.dat.

- Throughput: It is stored in file throughput.dat

- Response Time: It is stored in file resptime.dat

- Coefficient of Variation: It is ratio of instance length standard deviation to

the average instance length. It is stored in file Coefvar.dat
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Files also contain corresponding normalized data rate values.

If the user prefer to store the events occurring during simulation, a log file can be

produced. Log file includes time, event name, node number, queue number, memory

module, processor number. Any user who interested in different kinds of statistics can

obtain desired information by filtering the log file.

F. EXAMPLE RUNS OF THE SIMULATOR

The graph depicted in Figure 5.1 is executed with simulator. The graph belongs to a

real application which is called correlator.

MOO2=5000 1.2 FIXFL2 - 5000

T=C=R= 16384 1 11 T-R-C=16384

BANDI =1500D 3 4 BAND2 - 15000

T=C-k 16384 2 12 T=R-C=16384

FIT =I- 10000 5 6 FIR2 - 10000

T=C=R=4096 3 13 T=R.=C.--40
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AS CAM~UT=10000 19)(~ GRAMOUT -=10M0

Figure 3.6. Correlator graph
The results belonging to correlator graph are shown in Figure 3.7, Figure 3.8, Figure 3.9.

In resultant graph, X-coordinate refers to the normalized data rate which is the ratio of
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maximum throughput rate to the input data rate. Maximum throughput rate means total

execution time over number of processors.Y-coordinate refers to throughput, utilization or

coefficient of standard deviation. Throughput is the number instances that are executed in

unit time in this simulator which one second. Utilization shows processor usage percent,

obtained by dividing processor busy time to total execution time. Two kinds of utilization

is calculated for processors, one consider the setup and breakdown as useful utilization

and the other one does not. For each data rate 500 instance were executed and statistical

result are obtained from last 300 hundred instances.
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IV. GRAPH RESTRUCTURING

This chapter describes the graph restructuring that enforces RC scheduling in detail.

Also, it evaluates the potential of RC-based scheduling techniques through a series of

experiments.

a e
b c initial

1 a =ME* d c tokens a
d e

2 b e 2 C
f e

f 2 -b co f 2
do co

(a) do eo 0  (d)

-l e0
f-I e0

(c)

Figure 4.1 An example for graph restructuring.

Figure 4.1 describes the steps that are needed to restructure an application graph and

make it ready for execution.The first step in the process is cylinder mapping. At this point,

graph nodes are mapped to the cylinder according to a given objective.1 The circumference

1. In the Figure 4. lb the mapping is based on fitting the graph by using the nodes in a topologically
sorted list.
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of the cylinder is determined by the sum of the nodes' execution times divided by the

number of processors (an approximation which does not consider the communication

delay). The mapping shown in Figure 4. 1(b) assumes two processors. After the cylinder is

mapped, the next step is index assignment. In this step, nodes are given relative indices that

clarify which node is executing which relative instance. For example in Figure 4.1 (c), while

node f is executing, node e can execute one later instance. Indices are determined by the

nodes' locations on the cylinder.Figure 4.1(c) depicts the index assignment. After the

indices are assigned, the next step is synchronization arcs creation to enforce the given

schedule in Figure 4.1(c). Figure 4.1(d) shows the synchronization arcs. The

synchronization arcs that are obtained are pruned by removing the redundant arcs. And the

resultant arcs are added to the original graph. The restructured graph with the added

synchronization arcs is depicted in Figure 4.1(d). The program that restructures the graph

is called Graph Restructurer (GR) and its organization is represented in Figure 4.2.The

source code of GR is given in Appendix C.

put graph ine Configuration

Cylinder Mapping ]
Mapped cylinder

Node Index
Assignment

J Cylinder with indices
Creating

Synchronization arcs

Dependency arcs

Modify original
graph

'4,
Restructured Graph

Figure 4.2. The structure of the graph restructurer.
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The GR basically has three functions, cylinder mapping, index assignment and the

synchronization arcs creation.

A. CYLINDER MAPPING

The cylinder mapping component of the GR takes the original graph and machine

configuration as input data. In [LIT 91] and [BELL 92], nodes are ordered for mapping

according to their execution times. The graph topology is not considered. This produces

more dependency arcs increasing the communication overhead. Figure 4.3 represents the

dependency arcs for the same graph with a random mapping. This random mapping

produces 7 synchronization arcs, but the mapping which considers the graph topology

produces only one synchronization arc. In Figure 4.4 the mapping algorithm which

considers the graph topology is given.

In the given algorithm, first the nodes are sorted topologically, then mapping starts

from the root node and continues down the sorted list of the nodes. The mapping heuristic

is to map a child node to an empty space, such that it can start after its parent's finish time.

If no such space can be found, then the node is placed in the earliest start empty space

(probably resulting in a synchronization arc). If no attempt to find any empty space is

successful, then the cylinder circumference is incremented by a percentage specified by the

user, and the mapping process is restarted all over again.

(i,j,k)=>
i: initial tokens
j: threshold
k: Consumption!

Q R production qty.

Figure 4.3. Dependency arcs with random cylinder mapping.
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procedure Map the-cylinder(G,C) /*G is Directed Acyclic Graph*
/* C is the cylinder*/

q -- topological-sort(G); /* q is a queue*/

boolean Success= true

for each node sorted topologically in the graph
Try to place the node to an empty space starts after latest end

parent node;
if there is no empty space

try to place the node to the empty space that starts before the
latest ends parent node, but has enough space to place the node
after the latest parent node;

if there is no empty space
try to place the node to the earliest available empty space.

else if there is no empty place
success = false;

increment the circumference of the cylinder;
Map-thescylinder(G,C);
exit;

end (for);
end Map-the-cylinder.

Figure 4.4. Algorithm for cylinder mapping.

B. INDEX ASSIGNMENT

The data flow execution of the graph requires the analysis of the assignment of the

nodes to the cylinder to determine which instance of a node is actually to be executed. The

algorithm for index assignment is given in [BELL 92].

In this algorithm, an arbitrary node is assigned an index of zero to represent the fact

that it is the current instance of this node that is being executed. Every parent and child of

this node is examined with respect to its relative position on the cylinder.
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For a node N, Indices of the parents and children nodes are determined according to

the following conditions:

1. If a parent's completion time on the cylinder is greater than the node N's start

time on the cylinder, then the parent must be executing a later instance.Therefore, the

parent is given an index which is incremented by one. 2

2. If a parent's completion time on the cylinder is less than or equal to the node

N's start time on the cylinder, then the parent can be executing the same instance with the

current node. Therefore, parent is given the same index as node N.

3.If a child's start time on the cylinder is less than the node N's finish time on the

cylinder then the child must be executing a previous instance. Therefore, the child is given

an index which is decremented by one.3

4. If a child's start time on the cylinder is greater than or equal to the node N'

finish time on the cylinder then the child can be executing the same instance with the node

N. Therefore, the child is given the same index as the node N.

The original graph and the cylinder mapping is given to the algorithm as input and the

node index assignments are output to a file.

C. SYNCHRONIZATION ARCS CREATION

After the cylinder assignment and corresponding node indices are established. The

required synchronization arcs for a given RC schedule can be determined.

A synchronization arc is a logical arc which enforces a given execution sequence. For

example, in Figure 4.1(c), node b and node c can be executed after node a's completion,

node d can be executed after node b's completion, node e can be executed after node c's

completion, nodef can be executed after node d and node e's completion and node a can

be executed after nodef s completion. The execution sequence of all nodes except node a

2. Some value greater than one would be acceptable, although the parents output queue size will
place an upper bound on that value.
3. Some value less than one would be acceptable, although the child input queue size will place an
lower bound on that value.
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is satisfied by the data dependency. To control the execution of node a, we need an arc from

node f which will trigger node a after it completes - execution. This trigger is called

synchronization arc. These synchronization arcs can be implemented as input queues or

output queues.The synchronization arcs implemented as input queues are called logical

synchronization arcs, and the synchronization arcs implemented as output queues are called

physical synchronization arcs.

In order to understand what logical and physical synchronization arcs means, let us

look the Figure 4. 1 again. In this Figure, after restructuring the original graph we obtain an

synchronization arc from nodef to node a with two initial tokens. It simply prevents the

node a's third execution until node f finishes its first execution. This arc can be

implemented as an input token queue which has an initial number of tokens, a threshold,

and a consumption and production amount. During the execution, these tokens are

produced and consumed according to the sink and source node execution.

Enfoicing the RC schedule with logical arcs is called Start After Finish (SAF)

approach. It can be easily seen from the Figure 4. le. node a can not start its third execution

until node b finishes its first execution.

The same synchronization arc can also be enforced by putting a physical arc. This

physical arc can be implemented as an output token queue. In this approach, execution

sequence is controlled by the queue capacity instead of queue threshold quantity. Figure 4.5

depicts the physical synchronization arc and the logical synchronization arc which

correspond to the same synchronization arc.

Eninal tok -Queue Capc = 2

a la

e e

2k 2

(a) (b)
)Figure 4.5.(a)A restructured DAUi with logical arcs. (b) A Structured DAUi withl

physical arcs.
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Enforcing the RC schedule with physical arcs is called Start After Start (SAS)

approach. It can be easily seen from Figure 4.4 (b) that node a can not start its third

execution until nodef starts its first execution.The algorithm for SAF and SAS approaches

are given in Figure 4.6 and Figure 4.7 respectively.

procedure Restructure-graph-withSAF (Cylinder);

/*nr,ns are nodes of graph, G*/

for all nodes, nr

check index i of nr

find the latest node, ns that ends

before nr starts on the cylinder

check index j of ns

/*if nr starts at the top of the cylinder, the latest*/

/*node ends at the bottom of the cylinder.*/
/*In this case, j should be decremental by one*/

introduce a synchronization arc from ns to nr

if i>j

put i - j initial tokens on the arc

set threshold = 1, consume = 1
else if i <j

put 0 initial tokens on the arc
set threshold = j-i+l1, consume = I

end (for).

Iigure 4.6. Algorithm to generate logical synchronization arcs,
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procedure Restructure-graph with_SAS (Cylinder);

/*nr,ns are nodes of graph, G*/

for all nodes, nr

check index i of nr

find the latest node, ns that starts

before nr starts on the cylinder

check index j of ns

/*if nr starts at the top of the cylinder, the latest*/

/*node starts at the bottom of the cylinder.*/
/*In this case, j should be decremented by one*/

introduce a synchronization arc from ns to nr

if i >j
put i - j initial tokens on the-arc

set threshold = 1, consume = 1
else if i <j

put 0 initial tokens on the arc
set capacity =j-i+l, consume = 1, threshold = 1

end (for).

Figure 4.7. Algorithm to generate physical synchronization arcs.

D. PERFORMANCE EVALUATION

In our performance evaluation experiments, we use two sample graphs one is a graph

which is used for active sonobuoys and the other is an artificial test graph with a controlled

topology. The benchmark graph consists of 50 nodes and 139 data queues. It is depicted in

Figure 4.8.The small test graph consists of 25 nodes and 27 data queues. It is depicted in

Figure 4.9.

In the experiments, in order to minimize the effect of the communication overhead, the

backward synhronization arcs from lower nodes to the upper nodes, are removed
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Node number Execution tine(cycles) 42
1.A 94000
5..20 88000

21..48 172000 43
22..37 62000

38 200039 17000 4
40..41 5000

Total execution time = 4181000cyc. 45

node 50 and node 51 are I/O nodes

Figure 4.8. Active sonobuoy benchmark graph.
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26 20
2 8 14Z 25

15000 3 10000 9 20000 15 25000 211

27
3 9 15 21

50000 4 25000 1( 150000 16 20000 22

4 10 16 22

10000 5 20000 I1 40000 17 80000 23

5 11 17 23

20000 6 5000 12 10000 18 15000 24

24

Total execution time
570000 cycles 5 25

Al execution times are given in cycles.
Figure 4.9. A artificial test graph.
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1. Basic Performance Measurements

In this experiment, we examine the performance of SAS, SAF, and FCFS

scheduling techniques running on different numbers of processors and arbitrary queue to

memory mapping. The experiment is repeated twice, assuming high and low

communication overheads. Low and high communication overheads correspond to 0.15

and 0.75 percent communication-computation ratio respectively. In order to chose a data

rate, first FCFS scheduling is simulated and the data rate which saturates the machine is

chosen. The cylinder then is mapped at this data rate. The results demonstrate that FCFS

has a high throughput in most cases.

Figure 4.10 and figure 4.11 depict the throughput results from the benchmark

graph and artificial test graph respectively. In Figure 4.10, SAF scheduling exhibits slightly

better throughput than FCFS and SAS scheduling techniques.

SFCFS

Graph Name: Benchmark graph Rc (SAS)

3.- Number of Memory Modules: 10 RC (SAF)

Number of Processors: 2-5-11
Low Comm.: 15 percent
High Comm.: 75 percent

•2..

I~ 161,16

l, 1.05 1.051.05

008

7. 0.350.403

LOW COMM. HIGH COMM LO COMMHIGH COMm LOW COMM. HIGH COMM

TWO PROCESSORS FIVE PROCESSORS ELEVEN PROCESSORS

Figure 4.10. The throughput obtained from the benchmark graph.
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FCFS

Graph Name: Artificial test graph 657 RC (SAS)
Number of Memory Modules: 10
Number of Processors: 2-3-5 ES
Low Comm.: 15 percent
High Comm.: 75 percent 5.Z7

41..76 4.76.1.74

S3.45 3."t 3.39 3.39

LOW COMM EIGHCOMM LOW COMM IMGH COMM LOWCOMM COMM
TWO PROCESSORS THREE PRlOCESSORS FIVE PROCESSORS

Figure 4.11 The throughput obtain from the artificial test graph.

In Figure 4.11, for high communication overheads, SAS demonstrates better

throughput in most cases, but for low communication SAS and FCFS are exhibiting almost

same throughput.

Urapn Name: Benchmark graph
Number of Memory Modules: 10 FCFS
Number of Processors: 2-5-11
Low Comm.: 15 percent [ Rc tSAS

o High Comm.: 75percent RC (SAF)
0.91 0.91

0,90
0.87O87 0.87
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Figure 4.12. The processor utilization obtained from benchmark graph.
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Figure 4.12 shows the processor utilization of benchmark graph. The results

demonstrate The FCFS scheduling has slightly better utilization than SAS and SAF

scheduling techniques in all cases.

Figure 4.13 depicts the coefficient of variation (COV) of the iteration length

distribution. This figure measures the regularity of the output production which is at most

importance in real-time systems. As revealed by this figure, none of the scheduling

technique is conclusively better than the others with respect to COV.

Graph Name: Benchmark graph
Number of Memory Modules: 10 [ FCFS

0.1o Number of Processors: 2-5- 11 RC (SAS)
Low Comm.: 15 percent

0.09 High Comm.: 75 percent RC (SAF)

" 0.0$

.W 0.04

0.03o 0.03
0.02

0.01

TWO PROCESSORS FIVE PROCESSORS ELEVEN PROCESSORS

Figure 4.13. The Coefficient of Variation obtained from benchmark graph.

2. Evaluating the Effect of Memory Mapping

The second experiment is performed to see if mapping the queues to memory

modules to minimize the access conflicts will give better results than the randomly mapped

memory modules. The mapping is done maually by inspecting th RC schedule.The

experiment is performed assuming 30 percent communication overheads. In the

benchmark graph, 10 memory modules and 5 processors are used, and the obtained results

are depicted in Figure 4.14. In the artificial test graph,10 memory modules and 3 processors
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are used, and the obtained results are shown in Figure 4.15. As revealed by the figures,

mapping the queues to memories according to the cylinder assignment gives better

throughput than the random mapped memories.(The relative change in throughput is

minuscale, however).

Graph Name: Benchmark graph FCFS
Number of Memory Modules: 10
Number of Processors: 5 Q RC SAS)
Communication: 15 percent RC SAF)

2

0Random Memory mapping Adjusted Memnory mappng

Figure 4.14. The effect of the memory mapping on scheduling techniques (Benchmark)

Graph Name: Artificial Test graph
Number of Memory Modules: 10
Number of Processors: 4
Communication: 30 percent

FCFS
Q RC (SAS)

6 RandomMemory Mapig Aduied memory mapping RC (SAP)

04.80

2

Figure 4.15 The ettect ot the memory mapping on scheduling techniques (Tlest graph)
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3. Effect of the Queue Size on the System Throughput

This experiment is performed to watch the effect of changing the data queue sizes

with respect to FCFS, and compare that the performance of SAS and SAF assuming the

queue sizes dictated by the RC assignment. The experiment was performed on the artificial

test graph with 4 processors and 10 memory modules. The data rate which saturates the

machine in FCFS assuming very large queue sizes, is chosen. Different queue sizes were

tried. The results are demonstrated in Figure 4.16. For the given data rate, the experiment

results reveal that queue size does not effect the throughput for FCFS.

Graph Name: Artificial Test graph
Number of Memory Modules: 10 FCFS
Number of Processors: 4 R SSCommunication: 30 percent Q RC(SAS)
Normalized data rate: 0.90 RC (SAt)

Qeuem Sin I * Data sat Qeue Saze = 2 Data Sie Queue Size a 4 Dau Size
5 4.76 4.76 4.76 4.74 4.76

i 4

2

Figure 4.16 The effect of the data queue size on throughput with FCFS,SAS and SAF
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V. CONCLUSION REMARKS

A. CONCLUSIONS

In this thesis, a simulator (PIPDAFS) which is used for Large Grain Data Flow

machines, and a graph restructurer (GR) which determines the node dependencies

according to a given strategy and restructures the original graph were developed. A series

of experiments were performed by using GR and PIPDAFS. GR and PIPDAFS are a kind

of tool that can be used to test the different scheduling strategies.

In our experiments, we compared FCFS scheduling with two other scheduling

techniques in which the graphs were restructured and the nodes were executed according

to their graph topologies. While in theory, restructuring techniques should improve the

performance, the result of the experiments demonstrate that this improvement is meager.

We believe that the reason for these results is that the mapping techniques employed in

these experiments completely ignored the effects of communication. We believe that

combining the restructuring techniques with a mapping, while considering communication

overhead, would give results closer to the anticipated theoretical results.

B. FUTURE WORK

As noted from the experimental results, a new mapping algorithm which considers the

communication overhead should be designed.

Algorithms for allowing the complete communication-computation overlap and

deterministic nonconflicting resource usage should be identified.

Currently synchronization arcs that are obtained through restructuring are manually

pruned. Some work is needed in the area of determining the minimal number of

synchronization arcs required to satisfy the graph restructuring, as the number of

synchronization arcs can be potentially be a major factor in the overall system performance.

In this research, a dynamic node to processor assignment technique was employed.

Using a static processor assignment technique could be a step towards achieving more run
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-time determinism. This should be critically weighed against the utility of fully dynamic

processor assignment techniques with respect to fault tolerance.
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APPENDIX A : Sample Graph File

25 - Number of nodes

0 I

7 1 0 3000 -1-
13 1 0 5000 -1 -1 1 1
19 1 0 3000 -1 -1 1 1
2 0 0 15000 -1 -1 0 0
8 0 1024 25000 -1 -1 0 0
14 0 1024 5000 -1 -1 0 0
20 0 1024 10000 -1 -1 0 0
3 0 1024 15000 -1 -1 0 0
9 0 1024 10000 -1 -1 0 0
15 0 1024 20000 -1 -1 0 0
21 0 1024 25000 -1 -1 0 0
4 0 1024 50000 -1 -1 0 0
10 0 1024 25000 -1 -1 0 0
16 0 1024 150000 -1 -1 0 0
22 0 1024 20000 -1 -1 0 0
5 0 1024 10000 -1 -1 0 0
11 0 1024 20000 -1 -1 0 0
17 0 1024 40000 -1 -1 0 0
23 0 1024 80000 -1 -1 0 0
6 0 1024 20000 -1 -1 0 0
12 0 1024 5000 -1 -1 0 0
18 0 1024 10000 -1 -1 0 0
24 0 1024 15000 -1 -1 0 0

25 2 256 3000 -1 -1 1 1
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24 -- Number of Queues

0

z

"1 1 .2 1
2 1 2 2 16384 0 16384 131072
2 1 2 9 16384 0 16384 131072
3 1 3 4 4096 0 4096 32768
4 1 4 5 4096 0 4096 32768
5 1 5 6 4096 0 4096 32768
6 1 6 25 4096 0 4096 32768
7 1 7 8 16384 0 16384 131072
8 1 8 9 16384 0 16384 131072
9 1 9 10 4096 0 4096 32768
10 1 10 11 4096 0 4096 32768
11 1 11 12 4096 0 4096 32768
12 1 12 25 4096 0 4096 32768
13 1 13 14 16384 0 16384 131072
14 1 14 15 16384 0 16384 131072
15 1 15 10 4096 0 4096 32768
16 1 16 17 4096 0 4096 32768
17 1 17 28 4096 0 4096 32768
18 1 18 25 4096 0 4096 32768
19 1 19 20 16384 0 16384 131072
20 1 20 15 16384 0 16384 131072
21 1 21 22 4096 0 4096 32768
22 1 22 23 4096 0 4096 32768
23 1 23 24 4096 0 4096 32768
24 1 24 25 4096 0 4096 32768

25 1 20 21 2048 0 2048 16384
26 1 8 3 4096 0 4096 32384
27 1 9 16 2048 0 2048 16384

46



Sample Machine Configuration File

10 b- Number of Memory modules

6 1 1 0 0 0 0

0 0
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APPENDIX B: Simulator Source Code

HI Author: Cern Akin
// Advisor: Amnr Zaky
I//Description : LGDF machine simulator class header file
HI Date: 12 November 1992

H/Last Revised: 03 January 1993

#include~scheduler.h'
#include"mlist.h"
#include <fstream.h>

class simulatorI
public :

simulatoro:,
-simulatoro;
void simulateO;
void produce 1.eadqueues(gnode*,event*);
void produce -writequeues(gnode*,event*);,
void initialize events(int);.
void process event(event* ,fstreani&.fstream&.int).
void consume-q(int);
void printstatistics(fstream&.fstrearn&,int~int,double double)-
void increasewriteamount(gnode*)
void iricreasereadamount(gnode *);
void decreasewriteaznount(gnode )

void decreasereadamount(gnode )
boolean assign...processor(gnode )

boolean areallourputqsready(gnode )

boolean arealiqsot(gnode *);
boolean arealloutputnodesexecutedo:,
void initializeoutputnodeso;

private:

scheduler* sch;
mlist * MI.
plist* pl-.
Qlist * gqueuelist:
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nlist * gnodelist;

pqueue * eventqueue;

int startinstance,

finishinstance,

inststart,

fixedcomm;

boolean onlyonecanbeready,

incremented;
double clock,

interval.

communication.

comm;

H Author: Cern Akin

//Advisor: Amr Zaky
//Description : LGDF machine simulator class.

//Date: 12 November 1992

//Last Revised: 03 January 1993
#include<iostream.h>

#include"sireulator.h"

#include<math.h>

//Constructor of simulator class.
simulator::simulator0{

clock = 0;

sch = new scheduler

ml - new mlist;

p1= new plist:

startinstance = 0;

finishinstance = 0,
incremented = false;

gqueuelist = new Qlist;
gnodelist = new nlist;

eventqueue = new pqueue:
communication = 0.0;

comm =1;

fixedcomm =100;
I;

//Destructor of simulator class
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simulator: :-simulator()
delete sch:

delete ml-.
delete pi;
delete gqueuelist;
delete gnodelist;
delete eventqueue;
sch= NULL;
ml =NULL:

pI= NULL:
gqueuelist = NULL;
gnodelist = NULL;
eventqueue = NULL;

II This function initialize the simulator to start the simulation.
void simulator:: initialize-events(int period)I

nhist* 1=gnodelist,
event* tempevent;
// For each input node produces an event that activates the simulator
for(l->cuffent--l->head;l->current;l->current=l->current->nextitem)f

if (l->current->element->ntype==input)(
l->current->element->dataperiod = period,
tempevent = new event,
tempevent->eventnwne=reach-production...period:,
tempevent->starttime=c lock;
tempevent->priority =clock,
tempevent->nodenwm =l->current->element->nodeid;
eventqueue->enqueue(tempevent);

IIThis function reads the input files, gets user choices, initializes the
I/simulator and
void simulator::simulateo(

fstrearn myfile,
startfile,

endfile,
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userdata,
inpucperiod.
config.
mem.
logf-de:

myfile.open('graph.dat",ios: :in);
config.open('*machine.config",ios::in):
mem.open(jmemodules",ios::in);,
int index.
nummemos.
choice,
option,
option2,
instancenum.
dperiod:

double drate:
intnode* mode;
event* tempevent;
startfile.open("starttimes",ios: :out):
endfile.open("endtimes",ios::out);
tempevent = new event:
userdata.open("userdat",ios: :in);
inputperiod.open("inperiod7'Xos: :in);
userdata»> inststartE
userdata»> instancentuni;
userdata»> option;
if (option == 1)

onlyonecanbeready = true;
else

onlyonecanbeready = false;
userdata» > choice;
userdata» > option2:,
if (option2)(

logfile.open("logjfde",ios: :applios:: out);

nummemos=ml->loabniemory(config);
in! pno;
config »>pno;
int pnum = pl->loadpiocessors(config,pno);
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for (index= 1 :index<=pno;index-.+)I
tnode = new intnode:
tnode->setnode(index,O):,
sch->freeprocist->enqueue(tnode);

int tottime =gnodelist->loadnodes(myfile~mem.choice,nummemos);
gqueuelist->Ioadqueues(myfile,mem.gnodefist~nummemos):
myfile.closeo;
inputperiod»> dperiod;,
initialize~events(dpeniod).,
drate = double (double(tottime / pnum)/dperiod);
cerr << "ISIMULATION IS IN PROCESS PLEASE WAIT ! ! ! !n";

while ((! (eventqueue->emptyo))&& (instancenumz'fiishinstance))I
tempevent = eventqueue->dequeueo;
process..event(tempevent~startfile,endfile~instancenum);,
if (option2)1

logfile << clock << ...

tempevent->printevent(logfde):,

startfile. closeo;
endlile.closeo;
inputperiod.closeo;
userdata.c loseo;
config.closeo;
logfile.closeo-:

printstatistics(startfile,endfle~instancenum-inststart+ I .nstancenum~drate.tottime):,

I/This function processes the given event and enqueue the produced events to
// event queue.
void simulatom:process event(event *e~fstleaxn& startfile.

fstreamn& endfile,int instancenum)f
event *tempevent=new event;
gnode * empnode;

Queueltemn * tempqueue;
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memory * tempmemory;
processor * tempproc;
intnode *tflo)(e =new intnode,
int duration-,
clock = e->starttinie, //Advance the systerr clock to event st~arttime
switch (e->eventname)f

I/if input data period has been reached
case reach-pwoduction-perioct-

tempnode=gnodelist->getnode(e->nodenum);

tempevent->eventnamne=inqsoverthreshold;, I/Produce event that
tempevent->starttime=clock; #indicates input queues
tempevent->priority =clock, //are overthreshold.
tempevent->nodenum = e->nodenum; I/It is assumed that amount
eventqueue->enqueue(tempevent), //of data at each period is
//large enough to make input
//queues overthreshold

tempevent = new event; f/Produce next data period event
tempevent->evenbname=reach-production-period;
tempevent->starttime=clock+tempnode->getdatarateo;,
tempevent->priority = tempevent->starttime.
tempevent->nodenum = e->nodenum;
eventqueue->enqueue(tempevent);
break;

I/if all node input queues are overthreshold
case inqsoverthreshold:

tempnode = gnodelist->gemnode(e->nodenum);
if (arealloutputqsready(tempnode)Iltempnode->getnodetypeo--=output) I

tempevent->eventname = ready-node;/IIf all node output queues
tempevent->starttime =clock; //have space or node is an
tempevent->priority =clock; //output node~then produce
tempevent->nodenuxn = e->nodenum: //node is ready event
eventqueue->enqueue(tempevent);

else
if (tempnode->ntype==instrucfion)(

tempnode->waitingforoutput = true;//Otherwise set the flag to
tempnode->waitingnumber-i+; I/indicate node is waiting for

53



break;

I/if node is ready to be executed
case ready-node:f

tempnode = gnodelist->getnode(e->nodenum):
//If node can not be put into the ready list decrease the readamount
//which is previously incremented to prevent
if (onlyonecanbeready && (sch->member(e->nodenum)))

decreasereadainount(tempnode);,

//If node is not already in ri. then put node to ri and schedule a
//from ri.

if (onlyonecanbeready && (!(sch->member(e->nodenum))))(
sch->putnodeinrl(gnodelist->getnode(e->nodenum)):,
increasewriteamnount(tempnode);,

else( //If node is already in ri increment number of waiting ready
//nodes
if (onlyonecanbeready)

tempnode->readycount++;
else( // If more than one node can be ready at any time

I/put node to r). and schedule a node
sch->pumnodeinrl(gnodelist->getnode(e->nodenum)):
increasewriteainount(tempnode);,

tempevent = new event;
tempevent->eventname = schedule_a~node~fromjlI;
tempevent->stantime = clock;
tempevent->priority = clock:,
eventqueue->enqueue(tempevent);
break;

I/If ri is not empty schedule a node from ri.
case schedule-a-node_from-ri:

if (!(sch->emptyrlO)){(
if (!(sch->isbusyo))

sch->schedule...node(gnodelist~pl,eventqueue.clock);,
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break;

I/If node setup is started
case start~setup :

tempnode~gnodelist->getnode(e->nodenum),
tempproc = pl->getproc(e->assocproc);
if (!(incremented))

if (tempnode->getnodetypeo=input&&
startinstance<=tempnode->getnodeinstanceo) I
incremented = true;

startinstance++-;
if (startinstance >= mnststart)

startfile << startinstance << << clock «<endi;
if (startinstance == inststart)

interval = clock;

if ((tempnode->getsetuptinieO>=O)) I
if ((!(tempproc->isbreakdownbusyo))&&

(!(tempproc->isexecbusyo)))(
tempproc->startutil=clock;

tempproc=pl->getproc(e->assocproc);

if ((!(tempproc->isbreakdownbusyo))II
tempnode->getsetuptimeo=-O) I # if breakdown is not busy
tempproc->setsetupbusytill(clock+zempnode->getsetuptimeo):.
tempproc->setsetupbusy(true);
tempevent = new event;
tempproc->waitingonexec = false;
incremented = false,
tempevent->eventname fmnish-setup;
tempevent->starttime = clock+tempnode->getsetuptimeo;
tempevent->priority = tempevent->starttine;
tempevent->nodenum = e->nodenuin;
tempevent->queuenum =e->queuenum;

tempevent->assocproc =e->assocproc;,

tempevent->assocmem =e->assocmem;

eventqueue->enqueue(tempevent);
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else( #I Otherwise start to read after setup finished
tempevent = new event.
tempevent->eventnanle = start-setup;
tempevent->starttime = tempproc->getbreakdownbusytimneoQ
tempevent->priority = tempevent->starttime,
tempevent->nodenum =e->nodenum;

tempevent->assocproc =e->assocproc:,

tempevent->assocmem =tempnode->memid:,

eventqueue->enqueue(tempevent);

else(I
if ((!(tempproc->isbreakdownbusyo))&&

((tempproc->isexecbusyo)))(
tempproc->startutil=clock;

tempproc=pI->getproc(e->assocproc),
if (!tempproc->isbreakdownbusyo)) ( // If breakdown is not busy

tempevent = new event; //start to read primitive inst
tempproc->setsetupbusytill(clock+tempnode->getsetuptimeo),
tempproc->setsetupbusy~true);
tempproc->waitingonexec = false:
incremented =' false;
tempevent->eventname = start-reading-instruction-streamn:
tempevent->starttime = clock:,
tempevent->priority = clock;,
tempevent->nodenuim =e->nodenum;

tempevent->assocproc =e->assocproc;

tempevent->assocmem =tempnode->memid:

eventqueue->enqueue(tempevent);

else( // Otherwise start to read after setup finished
tempevent = new event;
tempevent->eventname = stanrteadingjinstruction-stream:,
tempevent->starttime = tempproc->getbreakdownbusytimeO;
tempevent->priority = tempevent->starttime;

tempevent->nodenum =e->nodenum,

tempevent->assocproc =e->assocproc,

tempevent->assocmem =tempnode->memid;

eventqueue->enqueue(tempevent);
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break-

//Start to read primitive instruction
case start-reading-instruction~streamn:

tempevent = new event:
tempmemory = mI->getinem(e->assocmem):,
tempproc = pl->getproc(e->assocproc),
tempnode = gnodelist->getnode(e->nodenum),

if (!(tempmemory->isbusyo))j // if memory is not busy
//Calculate reading delay and finish reading after this delay

duration = (int (fixedcomm + comm*tempnode->aissize));
tempproc->setsetupbusytill(clock+duration);
tempmemory->setbusy(true);
tempmemory->setbusytill(clock+duration);
tempevent->eventname = finish_readingjinsuruction-strean;
tempevent->startimne = clock+duration:,
tempevent->priority = clock+duration;,
tempevent->niodenum =e->nodenwn;

tempevent->assocproc =e->assocproc;

tempevent->assocmem =e->assocmem;,

eventqueue->enqueue(tempevent);,

else (I//otherwise try to read after memory become available
tempproc->setsetupbusytilltempmemory->getbusytimeo);
tempevent = new event;
tempevent->eventnaine = startreading-instruction-stream;
tempevent->starttime = tempmemory->gethusytimeo;.
tempevent->priority = tempevent->starttime;
tempevent->nodenum =e->nodenum;

tempevent->assocproc =e->assocproc;

tempevent->assocmem =e->assocmem,

eventqueue->enqueue(tempevent);

break-,

//finishes the reading of primitive instructions
case finish-readingjinstruction-streamn: (

teinpmemory = mI->getmem(e-z'assocmem);
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tempnode = gnodelist->gemnode(e->nodenurn);
tempmemory->setbusy(false);,
//Produce read queues for output queues
produce-readqueues(tempnode~e);,
break-,

IS tarts to read specified input queue if processor is not already
I/reading and memory to be read from is not busy
case start-readqueue:I

tempqueue = gqueuelist->getqueue(e->queuenum);
tempmemory= ml.>getmem(tempqueue->getgmido);
tempproc=pI->getproc(e->assocproc);
if (tempqueue->qtype == syn--ac)

tempevent = new event;
tempevent->eventname=finish-reading;
tempevent->starttime=clock,
tempevent->priority=tempevent->starttime:,
tempevent->queuenum=e->quetuenum;
tempevent->nodenum=e->nodenuni;

tempevent->assocpm~c=e->assocproc:
tempevent->assocmem, = tempqueue->getgmnido-,
eventqueue->enqueue(tempeyent)-,

elsef
if (!(tempmemory->isbusyo)) I

if (!(tempproc->readinginprocess)) I
tempproc->readinginprocess = true;

duration =(int(fixedcomm+comm*tempqueue->consumptionqty)):
tempproc->setsetupbusytill(clock+duration);

tempmemory->setbusy(true);,
tempmemory->setbusytill(clock+duration);
tempevent->eventname=finishjreading;
tempevent->startirne=clock+duration;
tempevent->priority=tempevent->startfime;
tempevent->queuenum=e->queuienum;
tempevent->nodenum=e->nodenum;
tempevent->assocproc=e->assocproc:

tempevent->assocmem = tempmemory->getmemidO;
eventqueue->enqueue(tempevent);,
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else( //if processor is already reading
tempevent->eventnamne=st~art readqueue;
tempevent->starttime~tempproc->setupbusytiUi;
tempevent->priority=tempevent->starttimne;
tempevent->nodenum=e->nodenum;,
tempevent->queuenum=e->queuenum;
tempevent->assocproc=e->assocproc:
eventqueue->enqueue(tempevent),

elset f /If memory to be read is busy
tempproc->setsetupbusytiil(tempmemory->getbusytimneo);

tempevent->eventname = e->eventnanie:
tempevent->starifime = tempmnemory->getbusytirneo:
tempevent->priority = tempevent->starttime;,
tempevent->queuenuM = e->queuenum;

tempevent->nodenum = e->nodenum;.
tempevent->assocproc tt e->assocproc;
temnpevent->assocmem = tempmemory->gecrnemido;
eventqueue->enqueue(tempevent),

break;

//Mark processor as not busy and took if there are waiting ready

I/nodes for a processor.
case free~processor:

tempproc = pI->getproc(e->assocproc);
tempproc->setfree~true);

tnode->setnode(tempproc->procidO):
sch->freeproclist->enqueue(tnode),
tempevent->eventnaine = schedule-a-node-fromjli:
tempevent->starttime = clock-,
tempevent->priority = clock-
eventqueue->enqueue(tempevent);

break:

I/Starts execution

59



case start-execution:
tempnode=gnodefist->getnode(e->nodenum):
//Get the execution delay
duration=tempnode->getexecti'neO;
tempproc=pl->getproc(e->assocproc);
tempevent = new event;
tempevent->eventname = start-executiorv
tempevent->starttume = tempproc->getexecbusytimeo,
tempevent->priority = tempevent->starttime;
tempevent->nodenum =e->nodenum;

tempevent->assocproc e->assocproc;
eventqueue->.enqueue(tempevent);
break;

f/Finishes execution if breakdown and setup stages are not busy
case finish-execution :(

tempnode=gnodelist->getnode(e->noder in);

tempproc=pI->getproc(e->assocproc);
if(! (tempproc->isbreakdownbusyo))I

if (!(tempproc->issetupbusy0))f
tempproc->setexecbusy(false);.
tempproc->setbreakdownbusy(uuie);
tempproc->setbreakdownbusytill(clock)-;
tempnode->Iastinstance++;
tempevent->eventnamne = start-breakdown;
tempevent->starime = clock;
tempevent->priority = clock.
tempevent->nodenum =e->nodenum;

tempevent->assocproc =e->assocproc;

eventqueue->enqueue(tempevent);

else Il/Otherwise indicate that execution is waiting for setup
tempproc->waitingonsetup =true;

if (tempproc->waitingonexec) I //Tis part prevents the deadlock
tempproc->setsetupbusy(false):
tempproc->setexecbusy(false);
tempproc->waitingonsetup=false;
tempevent->starttime=clock;
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else
tempevent->starttime= tempproc->getsetupbusytimeO:

tempproc->setexecbusybll(tempeveflt->sWtatime):

tempevent->eventname = finiish-execution;

tempevent->priority = tempevent->starittme:
tempevent->nodenum =e->nodenum:

tempevent->assocproc e->assocproc:.
eventqueue->enqueue(tempevent);

else( //If breakdown is busy, t~ry to finish execution

tempproc->setexecbusytill(tempprc->getbreakdownbusytimeo);
tempevent->eventnaxne = finish-execution;

tempevent->starttime = tempproc-z'getbreakdownbusytimeo;

tempevent->priority = tempevent->starttime;,
tempevent->nodenum =e->nodenum;

tempevent->assocproc = e-5assocproc-;

eventqueue->enqueue(tempevent);

break;

,'Starts to breakdown and produces start write queue

case start-breakdown :(
tempnode=gnodelist->getnode(e->nodeflum),
tempproc=pl.>getproc(e->assocproc);
tempproc->setbreakdownbusytill(clock+tempflode->getbreakdowfltimeo);
tempproc->setbreakdownbusy(true);.
//Produces write queues
produceý-writequeues(tempnode~e):
break:

//Starts writing to the specified GM if processor is not already

I/writing and memory to be written is not busy

case star~write~queue:I
tempqueue=gqueueiist->getqueue(e->queueflum);
tempproc=pl->getproc(e->assocproc);
if (tempqueue->qtype==syn-arc) I
tempevent = new event-,
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tempevent->eventname = finish_writing;
tempevent->starttime = clock,
tempe vent-> priority = tempevent->starttiine,
tempevent->nodenum = e->nodenum:,
tempevent->queuenum =e->queuenum;

tempevent->assocpioz = e->assocproc,
tempevent->assocmem tempqueue->getgmidoQ:
eventqueue->enqueue(tempevent):,

else{
tempnode =gnodelist->gemnode(e->nodenum);

if (temrnode->getbreakdowntimeo>=-O) I
tempproc->setbreakdownbusytill(clock+tempnode->getbreakdowntimeo):,

tempmemory=ml->gehmem(tempqueue->getgmido):,
tempevent->eventnaxne = finish-writing;
tempevent->starttume =clock+tempnode->getbreakdowntimeo-,
tempevent->priority = tempevent->starttimie;
tempevent->nodenum = e->nodenum:,
tempevent->queuenum =e->queuenum,

tempevent->assocproc =e->assocproc;

tempevent->assocmem =tempmemory->getinemido,

eventqueue->enqueue(tempevent);

elseI

,'/Calculate the write process delay
duration =(int(fixedcomm+comm*tempqueue->getproductionqtyo))-;
tempmemory=ml->getmem(tempqueue->getgmido),
if ((! (tempmemory->isbusyo))Iltempnode->getnodetypeo==input) I

if (!(tempproc->writeinprocess))l
tempproc->writeinprocess = true,
tempproc->setbreakdownbusytill(clock+dw-ation)-.
if (teinpnode->getnodetypeO==inst) I

tempmemory->setbusy(true);

tempmemory->setbusytiul(duration+clock):

tempevent->eventnaine = finish-.writing;
tempevent->startime = clock+duration:,
tempevent->priority = rempevent->starttnme:
tempevent->nodenum = e->nodenum;
tempevent->queuenum = e-z'queuenum:

tempevent->assocproc = e->assocproc:
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tempevent->assocmem = tempqueue->getgmido;
eventqueue->enqueue(tempevent);

else(
tempevent->evenmame = star~write-queue,
tempevent->starttime = tempproc->breakdownbusytill:
tempevent->priority = tempevent->stanttime:

tempevent->nodenum = e->nodenum;
tempevent->queuenurn e->queuenum.
tempevent->assocproc e->assocproc;
eventqueue->enqueue(tempevent);

elsel
tempproc->setbreakdownbusytili(tempmemory->getbusytimeo);

tempevent->eventname = e->evenmame,
tempevent->starttime = tempmemory->getbusyimeo;
tempevent->priorit-y =tempevent->stamtime:,
tempnode = gnodelist->getnode(e->nodenutm);
tempevent->nodenum = e->nodenum;
tempevent->queuenum =e->queuenwn:

tempevent->assocproc =e->assocproc;

tempevent->assocmem = empqueue->getgmido;
eventqueue->enqueue(tempevent),

break;

//Finishes reading

case finish-reading:
tempproc=pI->gerproc(e->assocproc);

tempproc->readinginprocess=false;
zemnpnode=gnodelist->getnode(e->nodenuni);
tempmemory=ml->getmem(e->assocmem);.
tempmemory->setbusy(false);
tempnode->incnumreadqso:.
//If this is the last queue to be read, finish setup
if (tempnode->lastnodereado)(
tempnode->setnumreadqsoQ;
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consume-q(e->queuenum);
tempevent->evenhnarne = finish-.setup;

tempevent->starttitme = clock,
tempevent->priority = clock;
tempevent->nodenum = e->nodenwrn;
tempevent->queuenum =e->queuenum;

tempevent->assocproc =e->assocproc,

tempevent->assocmem =e->assocmem-.

eventqueue->enqueue(tempevent);

break:

//Finishes the node setup if execution stage is not busy
case finish-.setup:1

tempproc=pl->getproc(e->assocproc);
tempnode=gnodelist->getnode(e->nodenum);
if(!(tempproc->isexecbusyo))(

//Free the processor
tempproc->setsetupbusy(false);
tempevent->eventnaine=free-processor;
tempevent->starttime=clock;
tempevent->priority =clock;
tempevent->assocproc=e->assocproc-,
eventqueue->enqueue(tempevent);

tempproc->onlyexectime = tempproc->onlyexectime +

tempnode->getexectimneo:
tempevent = new event;
tempevent->eventnarne=start~execution;
tempevent->starttiune =clock;
tempevent->priority = clock,
tempevent->nodenum =e->nodenurn;

tempevent->asso~cproc =e->assocproc,

eventqueue->enqueue(tempevent);

else(#l Execution stage is busy try to finish setup
f/When execution is finished
tempproc->waitingonexec = true;

if (tempproc->waitingonsetup) I I/This part prevents deadlock
tempproc ->setexecbusy(false):
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tempproc->waitingonsetup=false;
tempproc->waitingonexec=false:
tempevent->starttime=c lock:

else
tempevent->starttime=tempproc->getexecbusytimeoQ:

tempproc->setsetupbusytill(tempevent->starttime);
tempevent->evenmname = finish-setup:
tempevent->priority =tempevent->starttime;
tempevent->nodenum =e->nodenum;

tempeverit->assocproc =e->assocproc;,

eventqueue->enqueue(tempevent),

break,

//Finishes writing process
case finish-writing:(

tempproc=pl->getproc(e->assocproc);
tempproc->writeinprocess=false;
tempqueue=gqueuelist->getqueue(e->queuenum):.
tempnode =gnodelist->getnode(e->nodenum):,
tempnode->incnumwriteqsO:.
tempmemory=ml->getmnem(e->assocmem),
tempmemory->setbusy(false);
//Increment current length of queue
tempqueue->inccurrenclength(tempqueue->getproductionqtyo):
I/Decrement writeaniount since queue is physically written

tempqueue->writeaxnount=tempqueue->writewmount-
tempqueue->getproductionqtyo;

//Tf this is the last queue to be written finish breakdown

if (tempnode->lastqueuewriteo) 4
ternpnode->.venrumwriteqsO;
tempevent->eventnamne=finish-breakdown;
tempevent->stamtime = clock:
tempevent->priority = clock;
tempevent->nodenum =e->nodenum;

tempevent->queuenum =e->queuenum;

tenipevent->assocproc =e->assocproc;
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tempevent->assocmemn e->assocmem:
eventqueue->enqueue(tempevent):,

//If produeced data makes the queue overthreshold.
if (tempqueue->isoverthresholdo)(

tempevent = flew event:
tempevent->eventname=queue-overthreshold:

tempevent->starttime=clock,
tempevent->priority=clock;,
tempevent->nodenum=iempqueue->getsinknodeo;
tempevent->queuenunl=e->queuenwnm:
eventqueue->enqueue(tempevent);,

break-,

//Finishes the node breakdown
case finish-breakdown:

tempnode = gnodelist->getrnode(e->nodenum),
tempproc=pl->getproc(e->assocproc);
tempproc->setbreakdownbusy(false);
if (((!(tempprocý->issetupbusyo))&&

(!(tempproc->isexecbusyo)))II
finishinstance==-(instancenum- 1))1
tempproc->durationprocbusy~tempproc->durationprocbusy+
clock-tempproc->startutil;
tempproc->startutil=clock,

tempevent = new event*,
tempnode=gnodelist->getnode(e->nodenum):,
tempnode->processing = false:
tempevent = new event',
if (tempnode->getnodetypeo==output)

tempnode->executed = true.
if(arealloutputnodesexecutedo) I

initializeoutputnodeso:,
finishinstance++;,
if (finishinstance >= iiiststart)

endfile, << inishinstance << <<clock << endl:
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//If ready node list is not empty
if (!(sch->emptyrl()))

tempevent->eventname = schedule-a-node-from-rl:,
tempevent->starttime = clock:
tempevent->priority = clock;
eventqueue->enqueue(tempevent);

break:

1If queue is overthreshold check the other input queues
//If all overthreshold indicate node's input data is ready
case queue..overthreshold: I

tempnode=gnodelist->getnode(e->nodenum);,
if (areallqsot(tempnode))I

increasereadamount(tempnode);
tempevent->eventnamne=inqsoverthreshold;
tempevent->starttime=clock:
tempevent->priority =clock-,
tempevent->nodenum = e->nodenum;,
eventqueue->enqueue(tempevent),

break-,

//Marks scheduler as not busy
case free_scheduler: I

sch->setbusy(false),
1/Checks if there is a ready node which is waiting for
//scheduler try to schedule a node from rd
tempevent->eventnamne = schedule_a~node-from-ri;
tempevent->starttime = clock;
tempevent->priority = tempevent->starttime;,
eventqueue->enqueue(tempevent):.
break;

case none:
break;
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/:/end of procesevent

IIProduces read queue events for each input if it is not an input node.
void simulator:: produce..jeadqueues(gnode *n,event* e)

intlist *1l*
event * tempevent ,
I = n->getinputqueuelisto;
//If it is an input queue, then after fixed amount delay finish setup
if (n->getnodetype() == input) I

tempevent=new event;
tempevent->eventnanie = finish-setup;
tempevent->starttime = clock;
tempevent->priority = tempevent->starttime,
tempevent->nodenum =e->nodenum;

tempevent->assocproc =e->assocproc;

eventqueue->enqueue(tempevent);

else(
//For internal nodes produce read queues
for(l->current=-I->head;l->current~l->cuffent--l->current->nextnode)I

tempevent--new event;
tempevent->eventname = start~readqueue;
tempevent->starttime = clock;

tempevent->priority = clock;,
tempevent->nodenum = n->getnodeido;
tempevent->queuenum 1 ->current->number;
tempevent->assocproc =e->assocproc;

eventqueue->enqueue(tempevent);

I;
I;

//Produces write queue events for each output queue if node is not an
//output node
void simulator::produce-writequeues(gnode *n~event* e)(

intlist *1;
event * tempevent;
I= n->getoutputqueuelisto;,
I/If node is an output node finish breakdown after fixed amount of delay
if (n->getnodetype() = output)
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tempevent=new event-,
tempevent->eventname = finish -breakdown,
tempevent->starttime = clock;
tempevent->priority = tempevent->starttime:
tempevent->nodenum =e->nodenum;,

ternpevent->assocproc e->assocproc:
eventqueue->enqueue(tempevent);,

else I
//If node is an internal node produce write queue event for each output
//queue
for(l->current=l->head~l->current:l->current=l->current->nextnode)f

tempevent = new event;
tempevent->eventname = start-write~queue;
tempevent->starttime = clock:
tempevent->priority =clock;
tempevent->nodenum = n->getnodeido,
tempevent->queuenum = ->current->nuinber:,

tempevent->assocproc =e->assocproc;

eventqueue->enqueue(tempevent);

//Consumes the input queues by decreasing the threshold amount
void simulator::consume~q(int num)

intlist *1:
Queueltem *temp;
boolean flag;
gnode *n.*m;,
temp=gqueuelist->getqueue(l->current->number);
n=gnodelist->getnode(temp->nodeout);
flag = temp->isthereenoughspaceo;,
temp->currentlength=temp->currentlength-temp->getthresholdo;,
temp->readamount=temp->readamnount-temp->getthresholdQ;,
//If consumption makes room for the waiting nodes
if (!fag) I

//get source node
m = gnodelist->getnode(temp->nodein);
if (temp->isthereenoughspaceo) i

//If all output qs are ready and if source node is waiting
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llor the output become ready
if (arealloutputqsready(m)&& m->waitingforoutput)f

m->waitingnumber--;,
if (m->waitingnum bet ==0)

m->wait~ingforoutput = false,
tempevent = new event,
tempevent->evenmanie=ready-node;
tempevent->starttime=clock:
tempevent->priority=clock.
tempevent->nodenum=m->getnodeido;
eventqueue->enqueue(tempevent),

//If sink node still overthreshold and it is not an input node

Hindicates that input queues are still overthreshold
if (areallqsot(n)&&(n->getnodetypeO! =input)) I

increasereadainount(n);
tempe vent = new event;
tempevent->eventnamne=inqsoverthreshold;
tempevent->starttime=clock:,
tempevent->priority=clock,
tempevent->nodenuni=n->getnodeido;
eventqueue->enqueue(tempevent);

I/Returns boolean if all input queues are overthreshold

boolean simulator:areallqsot(gnode *n){
Queueltem* q;
intlist* qI = n->getinputqueuelisto;
for (ql->current=ql->head~ql->current~qI->current=ql->curreflt->nextnode)(

q = gqueuelist->getqueue(ql->current->number);
if ((q->currentlength-q->readamount)< q->thresholdqty)

return false;

return true;

//Increases the read amount of input nodes. It is used to prevent, input queues

//becomeoverthreshold even it is put in to ready list
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void simulator:: increasereadamount(g node *n)j
Queueltem* q;
intlist* qi = n->getinputqueuelistO;

for (qI->current=ql->head~qI->current~ql->current=qI->current->riextnode)I

q = gqueuelist->getqueue(ql->cufrent->number);
q->readamount =q->readamount +q->consumptionqty;

//Decreases the read amount of input queues
void simulator::decreasereadamount(gnode *n)(

Queueltem* q;,
intiist* qi = n->getinputqueuelisto;,
for (ql->current=qI->head:ql->current-,ql->current=qI->current->nextnode)f

q = gqueuelist->getqueue(ql->current->number),
q->readamount = q->readamount -q->consurnptionqty;,

//Increases the write amount of output queues to prevent putting an extra ready

#lnode which will cause overcapacity
void simulator::increasewriteamnount(gnode *n)I

Queueltem* q-,
intlist* q1 = n->getoutputqueue listo;
for (q1->current=ql->head-.ql->current~ql->current=qI->current->nextnode)I

q = gqueuelist->getqueue(ql->current->number):.
q->writeamount = q->writeamount +q->productionqty;

//Returns true if all output queues has enough space to store the result of
I/source node execution
boolean simulatoE :arealloutputqsready(gnode *n)I

Queueltem* q-,
intlist* qi = n->getoutputqueuelisto;

for (ql->current=ql->head~ql->current~ql->current=ql->current->nextnode)I
q = gqueuelist->getqueue(ql->current->number);,
if ((q->capacity - q->currentlengtb-q->writeamnount)< q->productionqty)

return false,

return true;

71



IlReturn true if all output nodes of an instance is executed or not

boolean simulator:arealloutputnodesexecuted()
for(gnodelist->current=- gnodelist->head.

gnodelist->current:,
gnodelist->current=gnodelist->curreflt->flCxtitem)
if (gnodelist->current->element->getflodetypo~==outpiiC)

if (gnodelist->cuffent->eiement->executed=false)
return false-,

return true,

//Initialize the output queues execution flag

void simulator: initializeoutputnodes() I
for(gnodelist->current= gnodelist->head;,

gnodelist->current;
gnodelist->current--gnodelist->curreflt->flextitem)
if (gnodelist->current->element->getflodetype)=output) I

gnodelist-z'current->element->exectimles--;
if (gnodelist->current->element->exectimes= 0-)

gnodelist->durrent->element-)>executed~false.

//Prints the statistical information

void simulator::printstatistics(fstreamn& startfilejfstrealn& endfile.

int instnum int endinst~double drate, double tottime)

double end,
start,
difference,
sum,
squaresuim,

average,
variance;

double averageexectime =0.0;
double averagebusytine =0.0;
fstreamn aputil,thrput~lenvar,instlen.onlyexec;
hit cnt=-O;
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cout <<*****************************\f

corn <<*******k**********************~*

cout << **\;

corn << STATISTICS *'*\n";
cout << **\"

cout «<<* **\fl";

corn <<*****************************\~

cout <<**************~**************\~

cout << endi;,
cout<<"PROCESSOR ID: PROCESSOR TYPE : PROCESSOR UTILTZATION(with comm:\,nV':

for (pI->cuffent=pI-> head, pI->c ufrent;pI->c urre nt= pI->cufrent-> nextproc)
cout <<" « < pI->current->p->procid <<

cout << pI->current->p->ptype <<« 1
cout << double((pl->cufrent->p->durationprocbusy))/double(clock) << endi;
if(pI->current->p->gettypeo!=io) (

averageexectime = averageexectime +
double((pI->cwrrent->p->onlyexectime))/double(clock),
averagebusytime = averagebusytime +

double((pl->current->p->durationprocbusy))/double(clock):.
cnt++;,

for (gnodelist->current--gnodelist->head;
gnodelist->current~gnodelist->current=gnodelist->current->nexuitem)

communication=communication+gnodelist->current->element->aissize*comm,

for (gqueuelist->current=gqueuelist->head,
gqueuelist->cufrent~gqueuefist->current--gqueuelist->current->nextitem)
communication=communication+
gqueuelist->cuffent->element->consumptiornqty*comm:,

startfile.open("starttimes",ios::in);
endfile.open("endtimnes",ios::in);
aputil.open("grphutil",ios::applios::out);
onlyexec.open("grphexectime".ios: :applios::out);
instlen.open("grphresptime",ios: :applios: :out);
Ienvar.open("grphinstdenvar",ios: :applios: :out);
thrput.open("grpht~hroughput'Xios::applios::out);
sum = 0;
squaresum=0;,
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double stime;

for ( int loop=1;loop <=insmum;loop++){I

startfdle >> start;
startfile >> start-

endfde >> end;
endfile >> end;

if (loop= 1)
stime = end;

difference = end - start:

sum = sum + difference:

squaresum = squaresum + (difference * difference);

stime=end - stime;

average = sum / double(insmum);
cout << "DATA RATE:" << drate << endl;

cout << "AVERAGE RESPONCE TIME :" << average << endl;

variance = (squaresum-(double(instnum)*sqr(average)))/double(insmum);

startfile.closeo;

endfile.close(;
cout << "AVERAGE THROUGHPUT :" << ((instnum- 1)* 1000000)/stime<<endl:

cout << "SIMULATION TIME :"<< clock << endl;
cout << "INSTANCE LENGTH STANDARD VARIATION:- << sqrt(variance) << end]:

cout << "COMMUNICATION OF ONE INSTANCE :"<<communication:

cout << endl;

cout << "COMPUTATION OF ONE INSTANCE:-,

cout << tottime<< endl;
cout << "COMMUNICATION / COMPUTATION RATIO :";
cout << communication / tottime;

cout << endl;
cout << endl;

aputil << drate << << averagebusytime/double (cnt) <<end];
onlyexec<< drate << .". << averageexectime/double (cnt) << end];
instlen << drate << " << average << endl:

thrput << drate << << ((instnum- 1)* 1000000)/stime<<endl;
lenvar << drate << << sqrt(variance)/average << endl;

aputil.close0;

onlyexec.close0;

instlen.close0;
lenvar.closeO;

thrput.closeo;
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mainO{

simulator *s"
s = new simulator
s->simulateo:

1,
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H Author : Cern Akin

H Advisor : Amr Zaky

H Description : Event Class header file.

/ Date :12 November 1992

H Last Revised : 03 January 1993

#include <iostream.h>

#include <fstrean.h>
#include "'giobal.h"

#ifndef EVENTH
#define EVENTH

class event(

public:

evento;

eventtype geteventnameO;

int getpriorityo;
void printevent(fstreamn&);

eventtype eventmiame:

double starttime,

priority;

int nodenum,

queuenum,

assocproc,

assocmem;

#endif
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//Author Cem Akin
//Advisor Amr Zaky

H Description : Event Class source file.
//Date :12 November 1992

//Last Revised : 03 January 1993

#include "event.h"

//Event class constructor

event: :event()

eventname = none;

starttime = 0.0,

priority = 0.0;

nodenum =0,

queuenum =0;

assocproc = 0;
assocmem = 0:

//Returns the events priority
int event::getpriority0f

return priority;
1;

//Returns event name

event-type evern::geteventnameO
return eventname;

//Prints the event to the log file
void event::printevent(fstream & logfdle)I

logfile << eventname <<" << starttime << << priority <<.:
logfile << nodenum << . << queuenum << << assocproc << '"n"

logfde << assocmem <<end];
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II Author :Cern Akin
IIAdvisor Amnr Zaky
IfDescription :GNODE Class (Graph node).
IIDate :12 November 1992
ILast Revised : 03 January 1993

#include <fstream.h>
#include "ifistLh"
#include *'qlist.h"

#ifndef GNODEH
#define GNODEH

class gnode
public:

gnodeO:,
-gnodeQ;,
in! loadnode(fstrearn&.int.int),
in! getnodeidoQ;
in! getnodepriorityo;
in! getdataperiodo;
in! getsetuptimeo:,
in! getbreakdowntimeQ;
inc getexectimeo:
in! getdatarateo;,
void incnumreadqso;.
void incnumwiiteqso;
void setnumnreadqs() I

nurnreadqs=O:

void setnurnwriteqsOf
numwriteqs=O;,

void incnodeinstanceof
nodeinstance++;

int getnodeinstanceof
return nodeinstance,

boolean lastnodereadO;
boolean Iastqueuewriteo;
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proctype getproctypeo;,
procty.pe getaltproctypeO;
intlist* getinputqueuelisto*.
intlist* getoutputqueuelisto:
friend ostream& operator<c<(ostream&.gnode&)-;
boolean operator<(gnode&),
nodetvpe getnodetypeo,

llpnvate:
int nodeid,

priority,
memid.
aissize.
lastinstance,
dataperiod.
numreadqs.
num~writeqs.
totainqs,
totaloutqs.
exectime,
setuptime,
breakdown,
nodeinstance,
waitingnumber.
readycount.
exectimes,
order-,

double proctine:
boolean processing,

waitingforoutput,
executed:
nodetype ntype,

proctype protype.
altproctype;

intlist *inqlist,

#endif
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IIAuthor Cern Akin
IIAdvisor :Amnr Zaky

HI Description : GNODE Class source code.
IfDate :12 November 1992

/1Last Revised : 03 January 1993

#include <stdlib.h>
#include "gnode.h"

#include <iostreanth>

//Gnode class contructor

gnode::gnodeo I
proctime = 0.0;
nodeid = 0;,
priority=0;
memid = 0:

aissize=O;,
lastinstance=0;
nodeinstance=- 1;
exectime=0;
setuptime=0;
breakdown=0;
datapeniod=0;-
ntype = instruction;
protype = mnst;

altproctype = inst:
readycount = 0;
numreadqs = 0;
numwriteqs = 0;
totalinqs = 0:
totaloutqs = 0:
waiting number = 0:
inqlist =NULL.
outqlist = NULL;
processing = false:,
waitingforoutput = false-,
executed = false,

llGnode class destructor
gnode::-gnode()
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delete inqlist:
delete outqlist;
inqlist = NULL-,
outqlist = NULL:

//Loads a single graph node from given stream
int gnode::loadnode(fstreamn& grphfile~int pchoice. int gid){
int ttype.

extime;,

srand(int(time(NULL))):

grph~file»> nodeid:
grphfile»> ttype;
ntype = nodetype(ttype);,
memid = gid;,
grphfile >> aissize:
grphfile»> exectime;
extime =exectime;,
if (ttype, !=0)

extinie = 0;,
grphfiie > setupfime;
grphfile >> breakdown;
grphfile»> ttype;

switch (pchoice)f
case 1 :1

priority = exectime;
break;

case 2:
priority = - aissize;
break;

case 3
cout << "ENTER NODE PRIORITY:-
ci >>priority;
cout << end];
break:
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case 4:
priority = rando:

break;

case 5
break.

switch (ttype){

case 0:1
protype = inst;

break;
I;

case 1:(
protype = io;

break;

case 2:1
protype = sec;

break-
I:

case 3:1
protype = three;

break;
I,

case 4:1

protype = four-,

break;

case 5:{
protype = five;

break;

case 6:1
protype = six;

break;

case 7:(
protype = seven;

break;

case 8:1
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protype = eight;

break-

grphfile >> ttype:

switch (ttype)t

case 0:1
altproctype = inst;

break:
1;

case 1:(

altproctype = io;

break;
1;

case 2:1

altproctype = sec;

break;
1;

case 3:1

altproctype = three;

break;
};

case 4:{

altproctype = four,

break;
I;

case 5:1

altproctype = five:

break;

1;
case 6:(

altproctype = six;

break;

case 7:1
altproctype = seven;

break;

case 8:

altproctype = eight;

break;
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inqlist = new inthist;

outqlist = new intlist;,

return extime;

f/Prints a graph node
ostream& operator«<(ostrearn& os.gnode& g)I

os «< " ID <"< g.nodeid << "node type:" «< g.ntype << endi;

os << "AIS << g.aissize <<« Exe time :" <<g.exectime <<endl;

os << "setup time" << g.setuptime << endi;

os << "Memory: "<<g.memid<<endl;
os << *g~ijflqit << endi;,
Q5 << *g*()qistq << endi;

1*os << " priority :" << g.priority << endi;,

os << "proctype :" << g.protype«"- aliproctype" «g.altproctype<<endl;*/

return os;

//Returns input queue list
intlist* gnode::getinputqueuelist()

return inqlist;

//Returns output queue fist
intlist* gnode::getoutputqueuelist()

return outqlist;

f/Returns node id

int gnode: :getnodeid() I
return nodeid,~
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//Returns node priority

int gnode::getnodepriorityO I
return priority;

I:

//Returns dataperiod

int gnode::getdataperiodO(

return dataperiod;

I -

//Returns setuptime

int gnode::getsetuptime0)

return setuptime;
J:

//Returns processor type that node can run on

proctype gnode::getproctypeOf

return protype;

I;

//Returns alternative processor type that node can run on

proctype gnode::getaltproctypeo I

return altproctype;
I:

//Returns dataperiod
int gnode::getdatarate( )

return dataperiod,

I;

//Returns Node execuiton time

int gnode::getexectime0 I

return e-ectime;

i/Increments number of queues that are already read

void gnode::incnumreadqs0 I

numreadqs++;

I;
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//Increments number of queues that are already written
void gnode::incnumwriteqs0 {

numwriteqs++;
I:

//Returns true if last input queue of the node has been read

boolean gnode::lastnoderead0
if (numreadqs==totalinqs)

return true;

else
return false:

1:

//Returns true if the last output queue of the node has been written
boolean gnode::lastqueuewrite0 I

if (numwriteqs=totaloutqs)

return true;

else

return false;
I;

//Returns the fixed breakdown time

int gnode::getbreakdowntime) {

return breakdown;

//Returns the node type
nodetype gnode::getnodetypeo I

return ntype;

I;

boolean gnode::operator<(gnode& n)(
if (n.order> order)

return true;

else
return false;
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#include -global.h"
#include <fstream.h>
class ouist;
#ifndef QUJEUEITEM-H
#de fine QUTEUEITEMH
class Queueltem I

public :
QueueltemO;
void loadqueue(fstreamn&,inc. nlist*).

iot getgmido;,
jot getthresholdo;
jot getsinknodeo:
int getsourcenodeof

return nodein.

jot getproductionqtyo;
boolean isoverthresholdO:
boolean isthereenoughspace() I

if ((capacity - currentlength-writearnount) >= productionqty)
return true;

else
return false;

void inccurrentiength(irn):

friend ostrearn & operator«<(ostream&.Queueltem&);

Iprivate :
friend class Qtist;
int queueid,

gmid,
nodein.
nodeout.
thresholdqty,

consumptionqty,
capacity,
currentlength.
productionqty.
writeamount.
readarnount:
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boolean overthreshold,
overcapacity,

queuetype qtype,

#endif
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1/Author C emn Akin
IIAdvisor Amr Zaky
IIDescription :GQUEUE Class Head-r file(Graph Qut-ue).

IIDate :12 November 1992
HI Last Revised : 03 January 1993

#include <iostream.h>
#include "gqueue.h'"
#include "nlist.h"

//Constructor
Queueltem:: Queue ltem()f
queueid = 0;
gmid = 1;
nodein =O0:
nodeout = 0:,
thresholdqty = 0;

currentlength=O;
capacity = 0;

writeamount=0;-
productionqty=0;-
readamount=0O:

overthreshold = false:
overcapacity = false;

qtype = data,.

I1;

I/Loads one queue from given stream
void Queueltem::Ioadqueue(fstream& grphfile.int gid.nhist* nodelist)

mnt temp;
grphfilu >> queueid;,

grphfile >> temp;,
if (temp==0O)

qtype = syn..arc,
else

qtype = data;
grphfile >> nodein;

for (nodelist->cwrrent = nodelist->head;
nodelist->current;
nodelist- >current= node list->c urre nt-> ne x item) I
if (nodelist->current->element->getnodeido==nodein)I
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node list->c urre nt->element->outqli st->addto list(que ueid):
node lxst->c urrent->elem ent-> total ou tqs++:

grphfile >> nodeout,
for (node list->c urre nt = nodelist->head:

nodelist->current:
nodelist->cw~rent=nodelist->current->nextitem)i
if (nodelfist->c urre nt->elemen t-> getnodeido=nodeout){f

nodelbist->c urrent->element-> inqlist->addtolist(que ueid):
node list->c urrent->elemen t->total inqs+-.:

grphfile >> thresholdqty;
grphfile >> currentIength;

grphfile >> productionqty;
consumptionqty=productionqty;
grphfile >> capacity:

if (currentlength >= thresholdqty)
overthreshold = true,

gmid = gid:,

f/Returns Memory id that queue is assigned
in: Queueltem::getgmido I

return gmid;

//Returns threshold Quantity
int Queueltem::getthresholdo I

return thresholdqty-:

//Prints a queue
ostrearn& operator«<(ostrearn& os.Queueltem& q)I

os << 11) :" << q.queueid << "NODE IN " << q.nodein << -NODEOUT <<q.nodeout << endi:
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os << MEM[ORY: <<q.gmid<<endl;

os << "TI-ES: <<q.tthresholdqty << endi:

os <<~ -CAPAC "<< q.capacity << -DATARATE - <end],

os << "ENGTH <<q.currentlength << -overthreshold << q.overthreshold «<endi;

return os.

//Increments the current length of the queue by production quantity

void Queueltem: :inccurrentiength(int t)I
currentiength~currentlength+t;
if (currentlength >= thresholdqty)

overthreshold = true-,
else

overthreshold. = false;

I/Returns sink node
uit Queueltem::getsinknodeo()

return nodeout;

I/Returns true if queue is overthreshold
boolean Queueltem: :isoverthreshold()I

if ((currentlength-readarnount)>=thresholdqty)
return true',

else
return false-,

HI Returns production quantity

int Queueltem::getproductionqty()

return productionqty;,
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1/Author :Cern Akin
IAdvisor :Amr Zaky
IIDescription :NLIST CLASS header file(Node List).
IIDate :12 November 1992
1/Last Revised : 03 January 1993

#include-gnode.h-
#include "~qlist.h'

#include <fstream.h>

#rindef NLISTH
#define NLISTH

class nlistj
public:

nhisto,
-nlistO;,
gnode *getnextnodeo I

return current->flextitem->e~emnent;

int sort-topologicatly(Qlist*);
gnode* getnode(int);
int loadnodes(fstrewm&.fstreamn&,int~int):
friend ostrearn& operator«<(ostrean& .nlist&);

struct nitem (
gnode *elemnent,

nitem *head,
*current;

#endif
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IIAuthor :Cern Akin
IIAdvisor Amnr Zaky
IIDescription : NLIST CLASS source code.
IIDate :12 November 1992
ILast Revised : 03 January 1993

#include"pnqueue.h"
#include~nlst.h"

W/onstructor
nlist::nhist()

head = NULL,

current= NULL,

//Destructor
nlist::-nlist()

delete head;

delete current;
head = NULL:
current =NULL;

//Loads graph nodes
int nlist:lIoadnodes(fstrearn& grphfilefstream& rnem~int choice~int numrnem) I

jint nuninodes = 0,
mnt exectime = 0;
mnt gid;
nitem *tempn:

grphfile»> num nodes;
for (int loop= lWoop <= numnodes;loop++) I

mem >> gid;
gid = gid % nummen+ 1;
ternpn= new nitem;
ternpn->element = new gnode;
if (head== NULL) I

exectirne=exectirne+tempn->elernent-A-.oadnode(grphfile.choice.gid);
current = head = tempnl;
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else(
exectiine=exectirne+tempn->element->loadnode(grphfile.choice~gid);
current->nextitem = tempn:
current = current->nextitem:

return exectime;,

//Get the node whose id number is given
gnode * nhist::getnode(int nid)f

for (current--heactcurrent;current=current->nextitem)
if (current->element->getnodeido==nid)

return current->element,
if (current = NULL)

cerr «<nid<< "***ERR~OR undefined node id'jf;

//Prints a node
oshreamn& operator«<(ostrearn& os~nlist& n) I

if (n.head == NULL)
os << "LIST IS EMPTY~n';

else(I
for(n.cwrTent=n.head-.n.current-,n.cufrent=n.current->nextitem)

os << *n.current->element << end]:

return os;

int nhist::sortrjopologically(Qlist *qtst) I
int count.

loop,
int g-jabel = 1;
int in degrees[ 1001;
int nodes[l100I [2],
pnqueue *q:
intlist *qI;
intnode *tempnode-.
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Queueltem *qu;
gnode *nd:
count = 0,
q =new pnqueue;
for (current=,head:cwrrent~current=current->nextitem)I

nodes(countll 11 = current->element.>nodeid,
cout << nodes~count][lI << «*"< current->element->totalinqs<<endl:.
in-degrees[countl = cuffent->element->totalinqs;
count++:

count--,

for (loop =O~loop<= counctloop++)
if (inj..egreesIIloopi == 0)1

tempnode = new incnode;
tempnode->nid=nodes[loopl[11];
tempnode->priority=0:
q->enqueue(tempnode);

while (tempnode=q->dequeueO)(
for (loop=-O;loop<=count;loop-.+)

if (tempnode->nid==nodes[Ioop][l1])
nodes(loopl[21=gjlabel;

nd = getnode(tempnode->nid);
nd->order = g-jabel;
ql = nd->getoutputqueuelisto;
for (ql->current--qI->headql->current:ql->current=qI->current->nextnode)(

qu = qlst->getqueue(ql->cwrfent->number).,
for (loop=O; loop<--count;loop++)

if (qu->nodeout--nodes[loopjll 1)1
injdegreestloopl=in-degreeslloopl- I;
if (in~degrees~loopl==-O) I

tempnode = new intnode,
tempnode->nid=nodes[Ioopj[ 1],
tempnode->priority=-O;
q->enqueuie(tempnode):
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g-label = g-iabel + 1,

for (current=head;cufrent;current=current->nextitem)
cout << current->element->nodeid«<--"<<current->eiement->order<<endl:

return g-jabelI- 1I
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II Author :Cern Akin
IIAdvisor Amr Zaky
//Description :QLIST CLASS header file(Graph Queue List).

#I Date :12 November 1992
IILast Revised : 03 January 1993

#include ~qeeh

#ifndef QLISTLH

#define QLIST-H

class Qlistj
public:

QliscO; //constructor
-Qlisto; //destructor
Queueltem *getnextqueueo I

return current->nextitem->element:,

Queueftem * getqueue(int);
void loadqueues(fstreamn&,fstreamn&.nlist*,int);,
friend ostxeam& operator«<(ostream&.Qlist&);

IIprivate:
struct qitem I

Queueltem *element.
qitem *nextitem;,

qitem *head,

#endif
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HI Author :Cern Akin
//lAdvisor :ArnrZaky
HI Description :QLIST CLASS source file.

// Date : 12 November 1992
HI Last Revised : 03 January 1993

#include -q~ist.h"

//constructor
Qlist::Qlisto(

head = NULL.
current = NULL,

//Destructor
Qlist::-Qlisto()

delete head,
delete current:
head = NULL;
current = NULL;

//Loads graph queues from fie namely simdata,
void Qlit::loadqueues(fstream &grphfile~fstreamn &mem~nlist* nolist.int nummem)

int numqueues = 0;
qitem *tempq;
int gid:
grphfile»> numqueues;-
for (int loop = l -loop <= numqueues; loop++)

mem>>gid;

gid = gid%nummem+l;
tempq =new qitem:
tempq->eiement = new Queueltem:,

if (head == NULL) I
tempq->element->loadqueue(grphflle,gid~nolist);

current = head = tempq;

else(
tempq->element->loadqueue(grphfile.gidLnolist);
cuffent->nextitem = tempq;

current = current->nextitem*:
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//Returns the graph queue whose id is given
Queueltem* Qlist::getqueue(int quid) I

for (current=head~cuffent~current~cuffent->nextitem)
if (current->element->queueid == quid)

return current->element:,
if (current == NULL)

cerr << "****ERR~OR NO SUCH QUEUTEW'.r

f/Prints the graph queue list
ostreatn& operator«<(ostrean& os,Qlist& q)(
if (q. head = NULL)

os << -QUEUE IS EMPT" << end]:

else(
for(q.current=q.head;q.current;q.current=q.current->nextitem)

os << *q.current->element << end]:

return os:
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//Author : Cem Akin

//Advisor Am- 7.aky

//Description IAEMORY Class Header file.

//Date 12 November 1992

/L Last Revised : 03 January 1993

#include "global.h'"

class rremory{

public:
memoryO:

void setbusytill(double):

void setbusy(boolean):

boolean isbusyO,

int getmemidO:

int getbusytimeO;

void setobjectid(int):

private:

double busytill;

int memid.

capacity.

granularity.

setuptime,
bandwith:

status-type status,

boolean busy:

I:
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//Author Cern Akin

//Advisor : Amr Zaky

H Description : LGDF machine simulator class.

//Date :12 November 1992

//Last Revised : 03 January 1993

#include< iostream.h>

#include"memory.h"

//Constructor

inemory::memory0{
memid = 0:

busytill = 0:

capacity = 0:

granularity = 0:

setuptime 0:

bandwith 0;

status = active:

busy = false-

//Updates the busy time if it is in the future
void me-mory::setbusytill(double t)j

busytill = t;
1:

H/Set the given boolean value
void memory::setbusy(boolean value)

busy = value:

1:

//Returns true if the memory is busy

boolean memory::isbusyO0

return busy;
1;

//Returns memory id

int memory::getmemido0

return memid;
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//Returns the time that memory will stay busy
iit memory::getbusytimeo(

return busytiUl;

//Sets the given number as object id
void memory::setobjectid(int t)0

memid = t;

102



//Author Cem Akin

//Advisor : Amr Zaky

H Description : MLIST CLASS(Memory list).

//Date : 12 November 1992

//Last Revised : 03 January 1993

#include"memory.h"
#include<fstream.h>

class mlist I
public:

mlist0;

-mlistO;
void addtolist(memory *):

memory* getmem(int);
int loadmemory(fstream&);

private:

struct memnodef
memory* m:

memnode* nextmem;

memnode* head.
* current;
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// Author • Cem Akin

H Advisor Amr Zaky

H Description MLIST CLASS source code.

//Date : 12 November 1992

//Last Revised : 03 January 1993

#include <iostream.h>

#include "mlist.h"

extem "C"{

exit(int):

//Constructor
mlist::mlistO0

head = NULL;

current = NULL;
I:

//Destructor

mlist::-mlist0(

delete head;

delete current;

head = NULL;

current = NULL;
I;

//Adds given memory to the list
void mist::addtolist(memory * mem)(

if (head == NULL)I
head = new memnode;

head->m = memr;

current = head;

else

for (current=head;current->nextmem;current=current->nextmem);
current->nextmem = new memnode,

current->nextmem->m = mem;

I:
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//Returns the memory whose id is given
memory * mlist::getmem(int mid)(

for (currerlt=head~current;current=current->nextmem)
if (current->m->gerrnemidO~=-mid)

return current->m;,

cout << mid << " there is no such memory":
if (current ==NULL){

exit( 1):
cerr << "***ERROR undefined memory id~na":

//Loads memories
int mlist::Ioadrnemory(fstream& grphfile)(

int nummemory=0;
memnode* temp:,
grphfile»> nummemory;
for (tint loop=1 :Ioop<=nummemory; loop++.)(

temp=new memnode;,
temp->m=new memory;
temp->m->setobjectid(Ioop);
if (head == NULL)

current = head =temnp.
else I

c urrent->nextmnem=temp,
current=current->neitmem;

cout «<nummemory;
return nummemory:
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IIAuthor :Cern Akin
IIAdvisor :Arnr Zaky
IIDescription :PROCESSOR CLASS header file.
IIDate :12 November 1992

HI Last Revised : 03 January 1993

#include "global.h"

#ifndef PROCESSORH
#define PROCESSORH

class processorl
public:

processoro*;
void setsetupbusytill(double):
void setexecbusytill(double);
void setbreakdownbusytill(double);
void setsetupbusy(boolean):,
void setexecbusy(boolean):
void setbreakdownbusy(boolean);
void setfree(boolean):
void setproctype(int);
void setobjectid(int);

boolean isfreeo;
boolean issetupbusyo;
boolean isexecbusyo;
boolean isbreakdownbusyo;
proctype gettypeO;
double getsetupbusytinieo;
double getbreakdownbusytirneo;
double getexecbusytimeo.

int getprocido,

Ifprivate:

proctype ptype;

double setupbusytill.

106



exeebusytill,
breakdownbusytifl,
durafionprocbusy,
onlyexectime,

startutil:

int procid.
speed;

status-type status;,
boolean readinginprocess.

writeinprocess.
waitingonsetup,
waitingonexec.
free.
setupbusy.
execbusy,
breakdownbusy,
pendingsetup,
pendingbreakdown;

#endif
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//Author Cem Akin

//Advisor • Amr Zaky
IfDescription : PROCESSOR CLASS source file.
/ Date :12 November 1992

/ Last Revised : 03 January 1993

#include<iostream.h>

#include"processor.h"

//Constructor
processor: :processor() I

ptype = inst;

procid = 0;

setupbusytill = 0;
execbusytill = 0:

breakdownbusytill =0;

durationprocbusy=0;

startutil = 0;
setupbusy = false;

execbusy = false;
readinginprocess=false;

writeinprocess=false;

setupbusy=false;

execbusy = false;

breakdownbusy = false;
pendingsetup = false;

pendingbreakdown = false;
speed = 0;

status = active;

free = true;
waitingonsetup = false;

waitingonexec = false;

//Updates the busy time of the setup stage
void processor::setsetupbusytill(double t)(

if (setupbusytill < t)
setupbusytill = t:
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//Updates the busy time of execution stage

void processor::setexecbusytill(double t)

if (execbusytill < t)

execbusytill = t,

//Updates the breakdown stage busy time
void processor::setbreakdownbusytill(double t)(

if (breakdownbusytill < t)

breakdownbusytill = t,
F:

//Sets setup busy flag to the given boolean value
void processor::setsetupbusy(boolean value)(

setupbusy = value;

1;

//Sets execution stage flag to the given boolean value
void processor::setexecbusy(boolean value)

execbusy = value;
};

f/Sets breakdown busy flag to the given boolean value
void processor::setbreakdownbusy(boolean value)f

breakdownbusy = value;
};

//Sets the processor free flag to the given boolean value
void processor::setfree(boolean value)(

free = value;
}:

//Returns true if the processor is free

boolean processor::isfreeo0

return free;

1;
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//Returns true if setup stage is busy
boolean processor::issetupbusyO I

return setupbusy;

//Returns true if the execution stage is busy

boolean processor::isexecbusy()

return execbusy;

//Returns true if breakdown stage is busy
boolean processor::isbreakdownbusyO I

return breakdownbusy;

1;

//Returns the processor id

int processor::getprocidOI

return procid;
1;

//Returns time that setup stage will stay busy

double processor::getsetupbusytimeO( I
return setupbusytill;

I:

//Returns time that execution stage will stay busy

double processor::getexecbusytimeO i
return execbusytill;

1; I -,

//Returns time that breakdown stage will stay busy
double processor:getbreakdownbusytimeO I

return breakdownbusytill;

//Returns processor type
proctype processor:gettypeO{

return ptype;

I;

//Sets the object id to the given value
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void processor-setobjectd(int t)j

procid = t,

//Sets the processor type according to given integer value

void processor::setproctype(int t)t

switch (t){

case 0:1
ptype = inst;

break;
1;

case 1:{

ptype = io;

break,;
I;

case 2:1

ptype = sec;

break;

case 3:1

ptype = three;

break;
1;

case 4:1

ptype = four;

break;
1;

case 5:(

ptype = five;

break;

case 6:1

ptype = six;

break;
1;

case 7:1

ptype = seven;

break;

case 8:1

ptype = eight
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break;

11
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//Author Cem Akin
H Advisor Annr Zaky

//Description : PLIST CLASS header file(Processor list).
//Date :12 November 1992

H Last Revised : 03 January 1993

#include"processor.h"

#include<fstream.h>

#ifndef PLIST_H
#define PLIST_H

class plist I

public:
plisto;

-plisto;

void addtolist(processor*);

processor* getproc(int);
int loadprocessors(fstream &,int);

//private:

struct procnodel
processor* p;

procnode* nextproc;
I;

procnode* head,
* current;

I:

#endif
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H Author Cem Akin

# Advisor : Amr Zaky

//Description : PLIST CLASS source file.

[1Date :12 November 1992

H Last Revised : 03 January 1993

#include <iostream.h>

#include 'plist.h"

#include <fstream.h>

//Constructor

plist::plist0(

head = NULL:

current = NULL,
1;

//Destructor
plist::-plistOl

delete head,

delete current,
head = NULL;

current = NULL,
1:

//Adds given processor to processor list

void plist::addtolist(processor * proc){
if (head == NULL)I

head = new procnode;

head->p = proc;
current = head:

else I
for (current=head:current->nextproc:current=current->nextproc):

current->nextproc = new procnode;
current->nextproc->p = proc:

I:

//Returns the processor whose id is given

processor* plist::getproc(int pid)$
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for (current=head-,current:cufrent~current->nextproc)
if (current->p->getprocid0==pid)

return current->p:

if (current -= NULL)

cout <<***ERROR undefined processor id~";

//Loads processor from given stream
int plist: :Ioadprocessors( fstrewm& grphfile~int numprocs)l

int prtvpe:,
int proccnt =0:

procnode* temnp;

for (int loop=:I; oop <= numprocs; loop++s)

temp = new procnode;

temp->p= new processor.

temp ->p->setobjec lid (loop);

grphfile»> prtype:.

if (prtype !=1)

proccnt++:,

ternp->p->setproctype(prtype);

if (head ==NUJLL)

cw-rent=head=temp:,

else I
current->nextproc=temp;

current=current->nextproc.

return proccnt:,
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IIAuthor :Cern Akcin
1/Advisor :Amr Zaky

#I Description : SCHEDULER CLASS header file.
IfDate : 12 November 1992
IILast Revised : 03 January 1993

#include -pnqueiie.h"'

#include "gnode.h"
#include "nlist.h"
#include "'plist.h"
#include "pqueue.h"
class scheduler
public :

schedulero;,
-schedulerO;
void putnodeinrl(gnode*)
void putprocinii(int);,
void printreadylisto;
void printproclistQ;,

boolean isbusyoG;
void setbusy(boolean);
int getbusytillo:,
mnt getnodefromrlQ);
void setbusytill(int);.
void schedule node(nlist*,plist*.pqueue*.double),
boolean emptyrlO;-
boolean member(int):

//private:

poficyjtype policy;

double processorid.
busytifl.

schedulingtime;

boolean busy;

pnqueue* readynodelist.
freeprochst:
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IIAuthor Cern Akin
1/Advisor Amr Zaky

IIDescription :SCHEDULER CLASS source code.
IIDate : 12 November 1992

#I Last Revised : 03 January 1993

#include <iostream.h>
#include "scheduler.h'
#include "globa1.h"
#include "event.h"

//Constructor
scheduler: :schedulerot

policy = synhronized;
processonid = 0;,
schedulingtime =0;
readynodelist = new pnqueue;,

freeproclist = new pnqueue;,

//Destructor
scheduler::-schedulero(

delete readynodelist;
readynodelist=NUTLL-,

//Puts the given graph node to the ready node list

void scheduler::putnodeinrl(gnode* n)(
intnode* tempnode--new intnode:

HI n->priority = n->nodeinstance*(-1);
tempnode->setnode(n->getnodeido~n->getnodepriorityo);
readynodelist->enqueue(ternpnode);

//P'uts the given processor to the free processor fist

void scheduler: :putprocinfl(int pid) I
intnode* tempnode=new intnode;,
tempnode->semnode(pid.0);
freeproclist->enqueue(zempnode):
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//Sets scheduler busy flay to the given boolean value

void scheduler::setbusy(boolean value)(

busy = value;
1:

//Returns true if the scheduler is busy

boolean scheduler::isbusyO I

return busy;
1:

//Returns the time that scheduler will be busy

int scheduler::getbusytill(

return busytill;
1;

//Returns a node from ready node list if queue is empty return -1

int scheduler::getnodefromrl()0

intnode* temp;
temp=readynodelist->dequeueO;

if (temp !=NULL)

return temp->geteido;

else

return -1;
1:

//Updates the scheduler busy time to the given value
void scheduler::setbusytill(int t){

busytill=t;

}:

//Returns true if the ready node list is empty

boolean scheduler::emptyrl()

if (readynodelist->head == NULL)

return true;

else
return false;

};

//Schedules a node from ready list by matching it to a free processor and
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IH produces start setup event.First it tries to find a node which is not
I/currently executing
void scheduler::schedule-node(nlist* nI.plist *pI~pqueue* eventqueue~double clck)~

event* tempevent= new event-,
gnode* n:
processor *p,
pnqueue::item* previous,

* previous2;

if (readynodelist->head != NULL)I
previous = NULL,
for (readynodelist->current=readynodelist->head:

readynodelist->current,
readynodefist->current-- readynodelist->current->nextitern)
n = nI->getnode(readynodelist->current->nodeitem->geteido).
if (!(n->processing))I
previous2 = NULL:

for (freeproclist->current--freeproclist->head:.
freeproclist->current,
fr~eeproclist->current=freeproclist->current->nextitem)

p = pl->getproc(freeproclist->current->nodeitem->geteido);
if((n->getproctypeo=p->gettypeo) 11

(n->getaltproctype() = p->gettype()))
busy =true;,
busytili = clck+schedulingtime;,
tempevent->eventname=free-scheduler;,
tempevent->starttime=busytall:
tempevent->priority =busydili:
eventqueue->enqueue(tempevent);,

if (previous2 == NULL)
freeproclist->head=freeproclist->current->nextitem;,

else
previous2->nexbitem=freeprocist->current->nextitem:
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if (previous == NULL)
readynodelist->head=readynodelist->current->nextitem;

else
previous-> nextitem=readynodelist->c urre nt->ne xtitem;

p->setfree(false);
n->processing= true;

n->exectimes++;
n->nodeinstance++:
tempevent= new event,
tempevent->evenmame=start-setup;
tempevent->starttume=clck;
tempevent->priority =clck:
tempevent->nodenum =n->gemnodeido;
tempevent->assocproc=p->gerprocido:
eventqueue->enqueue(tempevent);

1* if (p->gettypeo! =io) (
cout << "PROCESSOR ID :'«tempevent->assocproc;
cout <<" NODE ID :'«<tempevent->nodenum<<endl:

return;

previous2 = freeproclist->eurrent;,

for (pl->current=pl->head~pl->currentpI->current=pl->currnt->nextproc)

if((n->getproctypeo=pl->current->p->gettypeo) 11
(n->getaltproctypeo = pl->current->p->gettype())
if (pl->current->p->isfree0) I

busy = true;
busytili. = clck+schedulingtime:,
tempevent->eventnarne=free-scheduler;
tempevent->starttime=busytdll;
tempevent->priority =busytill.
eventqueue->enqueue(tempevent);

if (previous == NULL)
readynodelist->head=readynodelist->current->nextitem;

120



else
previous-> nextitemzreadynode i st->cwure nt-> nexti tem;

pl->current->p->setfree(false),
n->processing=- true;
n->exectimes++-,-
n->nodeinstance+-.-

tempevent= new event,
tempevent->eventname=start-setup;
tempevent->starttime=c Ick:
tempevent->priority =clck:
tempevent->nodenum =n->getnodeido;
tempevent->assocproc=pl->current->p->getprocido;
eventqueue->enqueue(tempevent);,
return;

previous =readynodelist->current;

//Returns true if the given node is already in the ready node Eist
boolean scheduler::member(int nurn)l

if (readynodebst->head != NULL)
for (readynodelist->current-readynode fist-> head-,

readynodelist->current;
readynodelist->current= readynodelist->cuffent->nextitem)
if (readynodelist->current->nodeitem->geteido==num)

return true;

return false;,
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//Prints the ready node list
void scheduler::printreadylist()I

cout <<-<< « «" ;

for (readynodelist->current=readynodelist->head:.
readynodelist->current,
readynodelist->current= readynodelist->current->nextitem)
cout << readynodel ist->c urrent-> node item->nid <<

cout << ">)>>>>jf

//Prints the free processor list
void sc heduler::printproc list()I

cout <<"««<<<<

for (freeproclist->current=freeproclist->head;
freeproclist->current
freeproclist->current= freeproclist->current->nextitem)
cout << freeproclist->current->nodeitem->nid <<

cout < ">>>>>\a";
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fl Author : Cem Akin

//Advisor Arnr Zaky
//Description : PNQUEUE CLASS header file (Priority Queue For integer node.
//Date :12 November 1992

H Last Revised : 03 January 1993

#include "node.h'"

#ifndef PNQUEUE_H

#define PNQUEUE_H

class pnqueue{

public:

pnqueueo0

-pnqueue0;
void enqueue(intnode*);

intnode* dequeueo:

//private:
struct item(

intnode *nodeitem;

item *nextitem;

item *head,
*current;

1;

#endif
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//Author Cem Akin

//Advisor :Amr Zaky

/ Description : PNQUEUE CLASS source file.
/ Date :12 November 1992

H Last Revised : 03 January 1993

#include "pnqueue.h"
#include <iostream.h>

//Constructor

pnqueue::pnqueue0(

head = NULL,

current = NULL;
I;

//Destructor

pnqueue:: -pnqueueo0

delete head;

delete current;

head = NULL;

current = NULL;
I;

//Enqueues the given integer node to queue
void pnqueue :: enqueue(intnode *e) I

item *tempnode=new item;
item *previous=head;

tempnode->nodeitem=e;

if (head = NULL)

current=head=tempnode;

else{

current-- head;
while ((current->nextitem!=NULL) &&

(current->nodeitem->getpriority<=e->getpriority0))I

previous = current;

current = current->nextitem;

if ((current->nodeitem->getpriorityo > e->getpriorityo)&&

(current != NULL)&&(current!=head)){
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previous->nextitem=tempnode:
tempnode->nextitem=cuffent;

elsecI
if((current->nextitem=NULL) &&

(current->nodeitem->getpriorityO <= e->getpriorityo))(

current->nextitem = tempnode;

else(
current = head:
head = tempnode:

head->nextitem =current,

//Returns integer node from queue
intnode * pnqueue ::dequeueo(

item* temp;
temp= head-,
if (head != NULL)f

head=head->nextitem;
current = head;
return temp->nodeitem;
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# Author Cem Akin

// Advisor : Amr Zaky

H Description : PQUEUE CLASS header ftle(Priority queue for events).

//Date :12 November 1992
//Last Revised : 03 January 1993

#include "event.h"

#ifndef PQUEUE_H
#define PQUEUE_H

class pqueue{

public:

pqueueo;

-pqueueo;

void enqueue(event*);

void printeqO0

event* dequeue0;

boolean emptyo;

private:

struct itf

event *eventitem;

it *nextitem.

it *head,
*current;

#endif
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/ Author • Cem Akin
# Advisor Arm" Zaky

// Description : PQUEUE CLASS source file.

H Date :12 November 1992

/ Last Revised : 03 January 1993

#include "pqueue.h"

#include <iostream.h>

//constructor
pqueue::pqueue01

head = NULL,

current = NULL;
I;

//Destructor

pqueue:: -pqueueO0
delete head;

delete current,

head = NULL;

current = NULL;

//Enqueues the given event according its priority
void pqueue :: enqueue(event *e) I

it *tempnode=new it;
it *previous=head;

tempnode->eventitem=e;

if (head = NULL)

current=head=tempnode;

else{

current= head:
while ((current->nextitem!=NULL) &&

(current->eventitem->getpriorityo<=e->getpriorityo))I
previous = current;

current = current->nextitem;

if ((current->eventitem->getpriority0 > e->getpriorityo)&&
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(current != NULL)&&(current! =head))(
pre vious->nextitem=tempnode:,
tempnode->nextitem=current:

else(

if((current->nextitem=NULL) &&

(current->eventitem->getprioritv( <= e->getpriorityO))t

current->nextitem = lempnode:

else(I

current = head:

head = tempnode-.

head->nextitem = current:

//Dequeues the event from the top of the queue
event * pqueue ::dequeueo{

it* temp:,

temp= head;

head=head->nextitem;

current = head:

return temp->eventitem:

//Returns true if the Queue is empty
boolean pqueue:: emptyo(

if (head==NU2LL)
return true;

else
return false:

I/Prints the queue
void pqueue::printeqof

cout« "<< -
for (current = head~current~current =current->nextitem)

cout << current->eventitem->geteventnarne() <<
cout << "> \,n"-
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//Author : Cem Akin

//Advisor : Amr Zaky
#/Description : NODE CLASS header file.

//Date :12 November 1992

IfLast Revised : 03 January 1993

#include <iostream.h>

#ifndef NODE_H

#define NODEH

class inmodel

public:

intnodeO;

int getpriorityO(

int geteidO;
void setnode(int .int);

friend ostream& operator<<(ostream&.intnode&);

//private:

int nid.

priority;
I:

#endif;
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//Author Cem Akin

/Advisor :Amr Zaky
IH Description : NODE CLASS source file.

// Date : 12 November 1992

/ Last Revised : 03 January 1993

#include -'node.h-

//Constructor
intnode::intnodeo(

nid =0:

priority = 0:

//Returns node priority
int intnode::getpriorityOI

return priocity;
I:

//Returns node id

int intnode::geteid0 I

return rid;

//Set node with id and prty

void intnode::semnode(int idint prty)(

nid= id;
priority = prty;

I/Prints a node

ostream& operator<<(ostream& os. intnode& e)I
os << "Event ID: "<<e.nid;

os << endl:
os << "priority :" << e.priority;

os << endl;

return os;

13
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//Author : Cern Akin

//Advisor : Amr Zaky

//Description : Integer List Class header file.
//Date :12 November 1992

//Last Revised : 03 January 1993

#include "global.h"
#ifndef IRISTH

#define ILIST H

class intlist{
public:

intlisto;

-intlistO;

void addtolist(int);

boolean finditem(int);

friend ostream& operator<<(ostream&jntlist&);

//private:

struct intnodel
int number;

intnode *nexmode;

intnode *head,
*curreflt;

#endif
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# Author : Cern Akin
# Advisor : Amr Zaky

//Description : Integer List Class source ftile.

/Date :12 November 1992
/ Last Revised : 03 January 1993

#include<iostream.h>

#include -ilist.h"

//Contructor

intlist::intlist0t

head = NULL;

current = NULL;
I:

//Destructor

intlist::-intlist0(

delete head;

delete current;
head = NULL;

current = NULL;

//If given integer is in list returns true

boolean intlist::finditem(int num)f

boolean result=false;

if (head ==NLTI L)
return result;

else
for(current=head;current->nextnode;current = current->nextnode)

if(current->number == num)

result=true;

return result;

//Adds the given integer to the list
void intlist::addtolist(int num)I

if (head==NULL)(
head = new intnode:
head->number = num:

current=head;
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elsef
for(current=head:cufrent->nextnode~current~current->nextnode);
current->nexmode=new intnode:
cufrent->nextnode->number--num;
current = current->nextnode;,

//Prints the integer list
ostreamn& operator«<(ostrear& os.intlist& ilist)

Os << '<' << "

for (ilist.current = ilist.head:ilist.current;
ilist.cuffent = ilist.current->nextnode)

Os << ilist.current->number <<
Os << >' <<endi;

return os,
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APPENDIX C: Graph Restructure Source Code

//Author Cem Akin

//Advisor : Amr Zaky

//Description : CNODE CLASS header file.

//Date :10 March 1993

//Last Revised : 13 March 1993

class cnode {/fThis class is used to represent a space that is

l/assigned to a graph node.

public :

cnode(f

id =0"

start = 0;

finish = 0;
I;

cnode(int a)I

id =0:

start = 0;

finish = a:
1:

int id:

int start,

finish:
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IIAuthor :Cern Akin
IIAdvisor Amr Zaky
IIDescription :CYLINDER CLASS header file.
fDate :10 March 1993
lLast Revised : 13 March 1993

#include "nodelist.h"
#include -nlist.h"
#include "'qlist.h"

class cylindert//This class is used to represent a cylinder
public:

cylindero;,
-cylindero;
void irtitalize-cylinderQ;
void cyfinder-assignmento;
void cylinder::initiafize-timeso;
int find_Iatestendparent(int);,
boolean mapscylindero;

struct cyl-shcelI
nodelist *slice;
nodelist *el;

cyl-slice cylin(201;
int circurn;
int ps:,

*sortedlist;

Qlist *gqueuelist;
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//Author Cem Akin

H Advisor : Amr Zaky
// Description : Cylinder Class Source file.

#/Date : 10 March 1993

//Last Revised : 13 March 1993

#include "'cylinder.h"
#include <iostream.h>

//Cylinder class constructor

cylinder::cylinder0)
int c:

int ps = 0,

int circum = 0;

gnodelist = new nlist:

sortedlist=new nlist;

gqueuelist = new Qlist;

for (c =0:c<20:c++){

cylin[cJ.slice = NULL;
cylin[c].el = NULL:

I;

//Cylinder class destructor

cylinder::-cylinder0(

int c;

delete gnodelist;

delete gqueuelist;

for (c=0;c<20;c++)I

delete cylin[c].slice;

delete cylin[c].el;
cylin[c].slice = NULL;
cylin[c].el = NULL;

I:

gnodelist = NULL:

gqueuelist = NULL;
I;

//Initialize the cylinder to empty cylinder
void cylinder::initialize cylinder0 I

int c:

for (c=0:c<20,c++)(

delete cylin[cl.slice;
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delete cylin[cI.el,
cylin~cJ.slice = new nodelist:

cylin(cJ.el = new nodelist(circum);

//Clears the assigned execution times when mapping attemp is not

void cylinder: :initialize...tmes() I
for (gnodelist->current=gnodelist->head;

gnodelist->current;
gnodelist->current=gnodelist->current->nextitem) I
gnodelist->current->element->start=O;
gnodelist->current->element->fmnish=-O;

//Finds the latest end parent for a given node and returns it
mnt cylinder.:find latest-endLparent(int num)I

int max=-O:
gnode* tempnode.

* tempnode2-,
tempnode=gnodelist->getnode(num);
for(tempnode->parentlist->cufrent--tempnode->parentlist->head;

tempnode->parentlist->cui-rent;
tempnode->parentlist->current=tempnode->parentlist->current->nextnode) I
tempnode2=gnodelist->getnode(tempnode->parentlist->cw-rent->number);,
if (max<tempnode2->finish)

max = int(tempnode2->ftnish);

I;*
return max;

I/Maps the cylinder according to its topology
void cylinder::cylinder~assignment 0 1

boolean flag;
fstrearn cyl;
double percent;
int c~numnodes;
c = gnodelist->sortctopologicafly(gqueuelist~sortedlist);
gnodelist = sortedlist,
flag = map..cylindero;
while (!flag)l
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cout << "I COULD NOT FIND ANY SOLUTION WITH
cout <<circurn <<2'"
cout << "I NEED LARGER CIIRCUMFERENCE. WIILL YOU GIVE NME A \n";'
cout << "PERCENT THAT I CAN INCREASE THE SIZE OF CYLINDER~ni:

cout <<-PERCENT
ci >> percent:
cout << -'THANK YOU NOW I AM TRYING TO FIND A SOLIJTION~n--
circumn = int(circum + circumn * percent):
initiaize~cylinder0:
initializejtimeso:

flag=map-cylind,!ro;

cyl.open("cyl.dat'Xios::out);

for (c=-O~c<ps;c++)f
numnodes = 0,
for (cylin~c].slice->current=cyfin[cI.slice->head;,

cylin~cI.slice->current:
cylin[c].slice->current=cylin[c] .stice->current->nextitem)
numnodes++;

cout << cylin[c].slice->current->element->id<.c"
cout << cylin[c].slice->current->element->start«<
cout << cylin[cI.slice->current->element->fmiish<<endl:

cout << end!;
cout«*************************f"

cyl << nwnnodes<<endl;

for (cylin~c].slice->current=cylin[c].slice->head.
cylin(cI.slice->current;
cylinlcl.slice->current=cyin~cl.slice->current->nextitem) I
cyl <<cylin[c1.slice->currentý>element->id«" ';

cyl «<end!;,

cout << circumc<<endl,
cyl <<circum<<endl;

//Tries to rind a solution for mapping and called by cylider assignment
f/function
boolean cylinder: :map-cylinderOl

nitemn *tptr
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cnode *tempspce,
*tempcnode;

boolean foundl 1 false:
boolean found2 = false-,

boolean found3 =false;

int minstarti = circum:,
int minstart2 = circum-:
int minstart3 = circum;

int t,

ti.
t2,
t3,
t4,

t5,
t6;

int cnt,sl,s2,s3,sid,c;
int count=0O;

for (gnodelist->current =gnodelist->head:

gnodelist->current;,
gnodelist->current = gnodelist->current->nextiem) I

if (gnodelist->current->element->ntype=instruction)I
tptr = gnodelist->current:
t = find-latest-end-parent(gnodelisc->current->element->nodeid),
gnodelist->current=tptr,
for (cntr=0;cnt<ps~cnt++)

for (cylin(cntl.el->current-cylin (c itl.el-> head-,
cylin[cnt].el->current;
cylintcnt].eI->current=cylin[cnt].el->current->,iextitem) I
if ((cylin[cntl.el->current->element->start>=t)&&

(cylin[cnt].el->current->element->finish >=

cylin[cntj.el->current->element->start +

gnodelist->current->element->exectime))
if (cylinfcnt].eI->current->element->start<minstartl) I

minstarti = cylin~cntl~el->current->element->srart
found I = true;
sid = cylin[cnt].eI->current->element->id;,
ti = cy fin fcntj.el->c urznt->element->start,
Q = cylin[cnt].el->current->element->Finish;
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si = cnt,

I1;
if ((cyiinfcntl.ei->current->etement->start<t)&&

(cylintcntl.el->current->element->finish >=t +

gnodelist->current->element->exectime))
if (cyfinl[cntl.el->current->element->start<minstart3){

minstart! = cylin[cntj.ek->current->element->start,
found3 = true:
sid = cylinfcnt].eI->current->element->id:,
05 = cy tin [cntl.el->c urrent->element->start:
t6 = cylin~cntl.eI->current->element->tinish;
s3 = cnt;.

if ((cyfin [cnt].eI->c urre nt->element->start+
gnodelist->current->eiement->exectime) <=

cylin[cntl.el->current->element->finish)
if (cylin[cnt] .eI->current->element->start<minstart2)1

minstair2=cylin[cnt].el->current->element->start,
sid = cylintcntl.eI->current->element->id,
s2 = cnt;
found2 = true;
G3 = cylin[cnt].el->current->element->start;

t4= cyfin[cnt].el->current->elemern->fmnish;

if (foundl)t
tempcnode = new cnode;
tempcnode->id = gnodelist->current->element->nodeidL
tempcnode->start = ti;
tempcnode->finish = ti + gnodelist->current->element->exectime;
gnodelist->current->elemern->start--tl;
gnodelist->cuffent->element->finish=rempcnode->finish:
cylints 11.slce->insert(wempc node);
cylin~s 11.el->remove(t 1):
if (tl'zO(

tempspace = new cnode;,
tempspace->id = ++count;
tempspace->start =ti
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tempspace->fmnish= t;

cylin[s 1 .el->insert(tempspace):,

if (tempcnode->fnish < t2)1
tempspace = new cnode:
tempspace->id =++count-,
ternpspace ->start = tempcnode-Afnish;
tempspace->finish=t2;
cyfints I 1.el->insert(tempspace);

I;*
1*for (cylints I .eI->current=cy~in~sI I.el ->head:

cylinfs 1.el-?current,
cylints 1 .el->current=cyhinfsl ].eI->cwrrent->nextitem)f

cout << cylin[s I].el->current->element->start <<""
cout << cylii [s I ].eI->current->element->finish<<endl;.

*1nl ale

found2 = false-,
found2 = false;
found3rt = false;:
minstarti = circum;,

minstart3 = circum;,

else
if (found3)

tempcnode = new cnode;,
tempcnode->id =gnodelist-z'cw-rent->element->nodeid,
tempcnode->start = t
tenipcode->fnish = t + gnodelist->current->element->exectime,
gnodelist->current->element->start--t.
gnidelist->current->element->Finish=tempcnode->finish;,
cylinls3l.slice->insert(tempcnode);
if (tempcnode->id=26)

cylin[s31.eI->removeQt5);.
if 4t5<0)I

tempspace = new cnode'.
tempspace->id = ++count;
tempspace->start = t5-,
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tempspace->finish= t-,
cylinfs3] .el->insert( tempspace):.

if (tempcnode->fitnish <z t6)(
tempspace =new cnode:
tempspace->id = ++count-,
tempspace ->start = tem ncnode-> finish:
tempspace->finish=t6;
cylin(s3] .el->insert(tempspace);,

fud1: =fle
found2 = false;
found3 = false,
miunsta = cfalse;
minstart I = circum;
minstart2 = circum:,

else
if (found2){
tempcnode = new cnode;,
tempcnode->id = gnodefist->current->element->nodeid;
tempcnode->sxar =t3

tempcnode->fm'sh = 0 + gnodelist->current->element->exectime-.
gnodelist->current->element->start--tl:-
g nodefist->current->element-> fiish=tempc node-> inish-,
if (tempcnode->id==26)

cout << t <<" "<<t3<<" "<<t4<endl;
cylin[s2].slice->insert(tempcnode):,
cylinjs2] .eI->remove(t3);
if (tempcnode-Ainish < t4) I

tempspace = new cnode;
tempspace->id = ++count;
tempspace->start = tempcnode-z'tinish,
tempspace-Afnish=W4
cyli[s2] .eI->insert(tempspace);

foundi = false;

found2 = false;,
found3 = false-,
minstartl = circum,
minstarx2 = circum;
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minstart3 = circum;

else
return false;,

cout << "CYLIN4DER FRAGMANTATIN~n";

for (c=-O~c<ps~c++)f
for (cytinic] .el->current=cylin~c] .eI->head;,

cytin[c] .el->current:,
cylin[c).el->current=cylin[c].el->current->nextitem) I

cout << cylin~c].el->current->element->id<< -
cout << "start ...« <cylin(cI.el->durrent->element->scar:
cout << "finish ... :«<cylin[c].el->current->element->firnish;
cout << endi;,

return true;

manof
int tottume:
fstreamn myfile;
myfile.open('"sirndala'Xios::in):
cylinder '*c = new cylinder:
cout << "Enter Cylinder Circumference
cn >> c->circum;,
cout << c->Circum:,
cout <<-%iEnter Processor Number
cn >> c->ps;.

tottime = c->gnodefist->loadnodes(myfile);,
c->gqueuelist->Ioadqueues(myfile~c->gnodelist);
c->cylinder-assignmentQ;
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//Author Cem Akin

#/Advisor :Amr Zaky
//Description : ARCNODE CLASS header file.

//Date :12 November 1992

//Last Revised : 03 January 1993

class arcnode{

public:
int sourcenodeid.

sinknodeid.
initiallength,

threshold,

production,

consumption.

capacity;

arcnodeO (
sourcenodeid = 0;
sinknodeid = 0;

initiallength=0;

threshold =0;

production =0;

consumption =0:

capacity =0:

14

145



/ Author Cem Akin

//Advisor :Arnr Zaky
//Description : ARCNODE CLASS header fide.
//Date :12 November 1992

H Last Revised : 03 January 1993

#include -arcnode.h"

#include "global.h"
#ifndef ARCLISTH

#def'ne ARCLIST_H

class arclist(
public:

arclistO; I/constructor

-arclisto; //destructor
boolean is alreadyexist(int, int);
void addtolist(arcnode*);

//private:

struct sitem {

arcnode *element;

sitem *nextitem;

}:

sitem *head,
*current;

I;

#endif
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//Author Cem Akin
//Advisor : Anr Zaky

//Description : ARCLIST CLASS source file.
//Date : 12 November 1992

/ Last Revised : 03 January 1993

#include <iostream.h>

#include "arclist.h"

//Constructor

arcist::arclist0 I
head = NULL;

current = NULL;
I;

//Destructor

arclist::-arclist0)

delete head;

delete current,

head = NULL;
current = NULL;

boolean arclist::is_already-exist(int nr.int ns)f

for (current=head;current;current=current->nextitem)
if ((current->element->sourcenodeid=•ns)&&

(current->element->sinknodeid=-nr))
return true;

return false;
I;

void arclist::addtolist(arcnode* an)(

sitem* tempn;
tempn = new sitem;

tempn->element=an;

if (head==NULL)

head = current = tempn;
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else(
for (currern=headcturrent->nextitem~currern=current->nexrntem);
current->nextitem=tempn;,
cunrent=tempn;
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//Author : Cem Akin

HI Advisor : Amr Zaky

// Description : CYLINDER CLASS header file.This used for index assignment and dependency
// arc creation
//Date :12 November 1992

//Last Revised : 03 January 1993

#include "clist.h"

#include 'arclist.h"

class cylinder

public:
struct slice{

int slicenum;

clist* nodelist;

slice *nextslice;
1:

cylinder()f

head = NULL;

current = NULL;
I;

-cylinder()o

delete head;

delete current;

head = NULL;

current = NULL;

cnode* getnode(int);
cnode* find latest(double);

cnode* find_latest_start(double);
void find_RC arcs(int);

void start_after _start(int);

void start after__finish(int);
void assign_indices(int~int);

slice *head,

*current:

149



IfAuthor :Cern Akin
IIAdvisor Amr Zaky
IIDescription :CYLINDER CLASS source file.This used for index assignment and dependency

HI arc creation.
IIDate :12 November 1992
IILast Revised : 03 January 1993

#include "cylinder.h"
#include *'nlist.h"
#include 'qlist.h"
#include -mfist.h"
#include "plist.h"

nlist *gnoydelit;
Qlist *gqueuelist.

int numprocs.
numqueues,
numnodes,
nummemory,
cyLcircumn;

cnode* cylinder::getnode(int nid)(
for (cufrent--head;current;current=current->nextslice)

for(current->nodelist->c urrent--current->nodelist-> head;
current->nodelist->current;
current->nodelist->current=current->nodelist->current->nextitem)
if (current->nodelist->current->element->nodeid==nid)

return cufrent->nodelist->current->element;
return NULL;

void cylinder::assign indices(int nid~t index) I

gnode *tq I,
*tq2;

cnode *tcql,
*twq2,

Queueltem *tempqueue;
intlist *inputqslst,

*inqs,
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*outqs.
*outputqslst-,

inputqslst=new intlist;
outputqsLst= new intlist;

tql = gnodeiist->getnode(nid);
if (tq 1->ntype==instruction)(
tcql= getnode(nid);,
cout << nid <<...... <'index<<endl,
tcqlI->index = index;
tcq 1 ->indexed = true;
inqs=tq 1->getinputqueuelisto;,
outqs=tql->getoutputqueuelisto;,
for (inqs->currentuinqs->head:.

inqs->current
inqs->current=inqs->current->nextncode)
inputqslst->addtolist(inqs->current->number);

for (outqs->current=outqs->'head;
outqs->current;
outqs->current--outqs->current->nextwode)
outputqslst->addtolist(outqs->current->n umber);

for (inputqslst->current = inputqslst->head;inputqslst->currenctinputqslst->cwimnc=inputqslsr-
>cwrrent->nextnode)(

tempqueue=gqueuelist->getqueue(inputqslst->currnt->number);
tq2=gnodetist->getnode(tempqueue->nodein);

if (tq2->ntype==instrucuion) I
tcq2--getnode(tempqueue->nodein);
if(!(tcq2->indexed))

if (tcq2->tinishexec>tcql ->startexec)
assign-indices(tcq2->nodeid~index+ 1);

else
assign-indices(teq2->nodeidindex);,
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for (outputqslst->current = outputqslst->head;outputqslst->current~outputqslst->current=outputqslst-
>cuffent->nextnode)f

tempqueue=gqueuelist->getqueue(outputqslst->cuffent->number);,
tq2=gnodeist->gemnode(tempqueue->nodeout),
if (tq2->ntype==instruction)(

tcq2=getnode(tempqueue->nodeout);,
if( !(tcq2-> indexed)) I tcq2->i ndex>=tcq Il->index)

if (tcq2->startexec<tcql1->finishexec)
assign-indices(tcq2->nodeid~index- 1):

else
assign-indices(tcq2->nodeid.index):

cnode* cylinder:: findIatest(double t)
double max,=O.O;,
cnode* temp;

for (current=head*,current~current=current->nextslice)
for(current->nodelisi-z'current=current->nodelist->head;

cun,:nt->nodelist->current;
cwrrent->nodelist->current=current->nodelist->current->nextitem){
if (t==-O) (

if(current->nodelist->current->element->tinishexec > max)
max = current->nodelist->current->eiement.>fmiishexec;,
temp = current->nodelist->current->element;

elsef
if((cwirent->nodelist->current->element->finishexec <= t)&&

(cw~rent->nodelist->currenh->element->finishexec > max))
max = cunrent->nodelist->current->element->flnishexec;
temp = current-> nodefist->current->elementfl

if (max==O)
for (current=head*.current*,cwrent=current->nextslice)
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for(c urrerit-> nodelist->current=c urrent-> node fist->head.
cuffent->nodelist->currenL

current->nodelist->cufrent=current->nodelist->currenc->nexcitem)
Wfc urrent-> nodelfist->current->e leme nt->finis he xec > max)f

max =current->nodelist->current->element->finishexec;

temp =cuwfent->nodelist->current->element;

1;

cnode* cylinder::fnd -latest-Start(dotuhle t)f

double max=O.0,;
cnode* temp;

for (current=head;current~current=current->niextslice)
for(cuffent->nodelist->current--current->nodelist->head;

current->nodelist->currentE
current->nodelist->cuffentr-current->nodelist->cufrent->nextitem) I
if 0t=O) f

if(current->nodelist->current->element->stantexec > max)(I
max = cuffent->nodelist->current->element->startexec;
temp = cuffent->nodelist->current->element;

else(
if((cuffent->nodelist->cuffent->element->startexec < t)&&

(current->nodelist->cuffent->element->startexec > max))(I
max = current->nodelist->current->element->startexec;
temnp = current->nodelist->current->element

return temp,

void cylinder:: start_after_finish(int gnum)~
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int i

cnode *tempcnodel,
*tempcnode2;

arcnode* temparc:
arclbst* arfclst,
t'stream arcdaumdatafile:
arc dataope n(tokens'*.ios::out);
arcist = new arclist;
nolist = new intlist;

for (current=head-,current~cuffent=current->nextsfice)
for(current->nodebist->currfent=current->nodelist->head;

current->nodelist->currenL
current->nodelist->cuffent=current->nodelist->current->nextitem)
nolist->addtolist(current->nodelist..>cwrrent->element->nodeid):

for (nolist->current~notist->head-,notist->currentr
nolist->current=nolist->current->nextnode)I
tempcnode Il=getnode(nolist->current->number)-:

i=tenipcnode1->.jndex;
tempcnode2=findI atest(tempc node 1->startexec);
j =tempcnode2->index;,
if(! (arcist->isý-already..exist(tempcnodelI ->nodeid.tempcnode2->nodeid)))

if ((tempcnodel ->startexec==-O)II
(tempcnode2->finishexec==cylcircum))

j=j- I;
teniparc = new arcnode;
temparc->sourcenodeid~tempcnode2..>nodeid*,
temparc->sinlcnodeid =tempcnode 1->nodeid,
if(i>= j) I

temparc->initial -length=i-j;,
temparc->threshold = 1,
temparc->consumption= 1;
temparc->produczion= 1;
temparc->capacity = 100;

else
if( i<j)f
temparc->initialjlength=0:;
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temparc->threshold =j-i4- 1
temparc->consumption =1;,
temparc->production = 1;
temparc->capacity = 100:

arclIst->addtoh st(te mparc):

gnum++:
datafile.openC'simdata"'.ios::outlios::app):,
for (arclIst->current=arclst->head.

arclst->cuffent;
arclst->current=arclst->current->nextitem) I
datafile << gnum«"
datafide < <«" "
datafile << arclst->cuffent->element->sotircenodeid <<
datafile << arclst->current->element->sinknodeid <<
datafile << arc Ist->cuffent->element->threshold <<"
datafile << arc Ist->current->element->initial-length <<
datafile <<arc Ist->c urrent->element->consumption <<
datafile «< 100« endi;

gnum++:,

arcdata << arclst->current->element->sourcenodeid <<
arcdata << arclst->current->element->sinknodeid <<....
arcdata <<arclst->current->element->initial-length <<
arcdata << arclst->cwrrent->element->threshold <<« "
arcdata << arclst->current->element->consumption << end]:,

arcdata.closeo;,
datafile.closeo;

void cylinder:: start-after-start(int gnum)(
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ilfli.

infltlst* nolist:

cnode *tempcnodel,
*tempcnode2:

arcnode* temparc:
arclist* arcist;
fstream aredata~datafile:
arcdata-open("tokens".ios::out);,
arc 1st = new arclist;
nolist =new intfist:,

for (current=head-,current;current=current->nextslice)
for(cufrent->nodelist->current=current->nodelist->head;

current->nodelist->cwrrent;
current- >nodelist->current=curren:,->nodelist->cuffent->nextitem)
nolist->addtolist(current->nodelist->current->element->nodeid)-,

for (nolist->current=nolist->head~nolist->current
nofist->cuffent=nolist->current->nextnode) I
tempcnodel =getnode(nolist->current->number);

i=tempcnodel->index;
tempcnode2=find Iatest~start(tempcnodel ->startexec);
j = tempcnode2-> index.
if( !(arclst->is-aieady_..xist(tempcnodel ->nodeid,tempcnode2->nodeid)))

if (tempenode I ->startexec==-O)

j =ji- I;
temparc =new arcnode;
temparc->sourcenodeid=tempcnode 1->nodeid;
temparc->sinkniodeid =tempcnode2->nodeid:

if (i >j~

temparc->initial _Iength=O;
temparc->threshold = 1;
temparc->consumption = 1:
temparc->production = 1;
temparc->capacity = ij

else

i Okij)
te mparc ->i ni tialength =j -i+ 1,
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ternparc->ttireshold = 1;
temparc->consumption =1I;

temparc->production =1:
temparc->capacity =1,

elsel
ternparc->initial length= 1:
tem parc -xhreshold = I1:

temparc->consumption =1:.

temparc->production = 1;
temparc->capacity = 1:
1;

arclst->addtolist(temparc);

gnum++;
datafile.open("simdata".ios: :outlios: :app);,
for (arc lst->current=arclst->head;

arclst->cuffent;
arclst->current=arclst->cwment->nextitem) I
datafile <<gnum«<
datalile «<0 <<" ";

datafile << arclst->current->element->sourcenodeid <<
datafile << arclst->cur.-ent->element->sinknodeid <<
datafile << arclst->current->element->threshold <<«
datafile << arc lst->current->element->initial-length <<
datafile << arclst->cuffent->element->consurnpton <<
datafile << arclst->cwrrent->element->capacity<< endi:

gnum++;,

arcdata << ari-cst->cwrrent->element->sourcenodeid <<
arcdata << arclst->current->element->sinknodeid <<C
arcdata << arclst->cufrent->element->initial-length <<
arcdata <<arclst->current->elernent->ilireshold <<" "
arcilara << arclst->currenr->element->consumption «<end]:

arcdata.closeo;
datafile.closeo;
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void cy tinder:: find_RC~arcs(int gnum) I
int choice,

cout << CHOICE ONE OF THE FOLLOWING'n\n-;

cout << -1..START AFTER. ýINISH (SAF)Nn'":
coun << -2.START AFTER START (SAS)NWn:

cout << "Choice::

cm >> choice;
if (choice == 1)

start_after-tinish(gnum);,

else

startafter-start(gnum):

maino I

int numassignednodes.
temp,

dummy,

loop,

loop2;

mfist * MI.
ml = new mlist:

plist * p1;

p1 = new pbist.

gnodelist = new nlist;

gqueuelist= new Qlist;.
gnode * tempnode:

cnode * tempcnode,

cylinder::siice *tempslice:,

clist * templist;
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cylinder *c = new cylinder;
int gnum;

fstream dataftle~config.cyldata~pic.mem,
datafile-open("simdata'Xios::in),
config.open("machine".ios::in);
cyldata.open("cyI.map",ios: :in):.
mem.open("memodules",ios::in);
nurnmemorv =ml->loadmemory(config):,
numprocs =pi-Acoadprocessors(config):

dummy = gnodelist->Ioadnodes(datafile,mem,5);,
gnum=gqueuelist->Ioadqueues(datafile,mem.gnodelist):,
cout << *gnodelist,
dataffle.closeO;
mem.closeo;
gnodelist->sortrjopologically(gqueuelist);,

tempnode =new gnode;
for (loop = 0; loop < numprocs: loop++e) I

cyldata»> numassignednodes;
tempslice = new cylinder.:slice:
templist = new clist:,

for (loop2 = O;loop2 < numassignednodes;loop2++){
cyldata»> temp;,
tempnode = new gnode;
tempcnode= new cnode;.
tempnode =gnodelist->getnode(temp);
tempcnode->nodeid = tempnode->nodeid.
tempcnode->order = tempnode->order~
tempcnode->exectime= tempnode->exectime;
templist->insert(tempcnode);

tempslice->slicenum = loop+l1;
tempslice->nodelist = templist;
tempslice->nextslice= NULL;
if (c->head == NULL)

c->head=c->current=tempslice:
else(

c ->current-> nextslice = tempslice:
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c->current = tempslice,

cyldata>>cyl-circum,

cyldata.closeO;

double time:

for (c->current=c->head;c->current~c->cw-rent=c->current->nextslice)j
time --0.0;
for(c->current-> node fist->d ure n =c->current-> node list->head,

c->current->nodelist->current;
c->current->nodelist->current=c->current->nodelist->current->nextitem)
c ->current-> node list->c urre nt->e lement-> indexed=false;
c->current->nodelist->current->element->index=O;
c->c urrent-> node hst-x urre nt->element->startexec=tine;
time=c->cuffent->riodelist->current->element->exectime+time,
c->current->nodefist->ctirrent->element->finishexec=time;,

for (c->cuffent=c->head;c->durrentrc->current=c->current->nextslice)(
for(c->cuffent->nodelist->current=c->current->nodelist->head;,
c->cuffent->nodelist->current.
c->cuffent->nodelist->current=c->current->nodelist->current->nextitem)I
cout<<c->cufrent->riodelist->current->element->nodeid«< .. ...

cout<c ->c urre nt->ncdelist->cuffent->e lement-> index<<- "
cout«< c->cuffent->nodehist->current->element->startexec<<"
cout«< c->current->nodelist->current->element->finishexec<«c*

cout << endlk<endl;

c->assign~indices(c->head->nodelist->head->element->nodeid.O):
c->fInd_RC~arcs(gnum);

cyldaza~open("cyl.map",ios::out);
pic.open("picture",ios::out);
int levellI=0.
jint aft=1;

int previous = 0;

for (c->cuffent=c ->head -c ->c urre nt~c->cuffent=c ->c urre nt->ne xtslice) I
for(c->current->nodeh st -x ufent=c ->current-> node Iist ->head.
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c->current->nodelist->current;
c->current->nodelist->current=c->current->nodelist->current->nextitem)
pic<<previous«'":

V if (alt)
pie<< level 1«<endl,

else
pie<< level 1+ 100«<endl:

pic<<int(c->current->nodelist->current->element->finishexec/1000)<<'
if (aft)

pie<< level l1«endl;,
else

pie<< level 1+ 100«<endl;,
if (alt)

alt = 0:
else

aft = I;
cyldata<<c->current->nodefist->cui-rent->element->nodeid«<
c yldata<<c->c urrent->nodelist->current->e lement-> index<<"
cyldata«< c->current->nodelist->current->element->starexec«<"
cyldata«< c->current->nodelist->current->element->f'nishexec«<"'
previous =int(c->current->nodelist->current->element->finishexec/ 1000):
cyldata«<"

previous = 0;
if(alt)

pic << 0 << "«l<<evell+l00«< end];,
else

pic <<0 << "«l<<evell «<end];
if (alt)

alt = 0:
else

alt = I;

levell = levell + 100;
cyIdata<<endk~endl;

cyidata~closeo,
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APPENDIX D: Interrelation of the Files in PIPDAFS and GR

graph.dat machineconfig.dat

File Name: map
Description: Maps the cylinder
Input Files: graph.dat,

machinecofig.dat
Output File: cyl.dat

File Name: restructure
Description: Assign indices and

create dependencies
Input Files: graph.dat,.

machinecofig.dat,
cyl.dat

Output Files: graph.dat (restructured),
tokens

graph.dat cyl.dat
(restructured) a

File Name:sim
Description: Simulates the graph

for a given data period
Input Files: graph.dat

machineconfig.dat
Output Files:grphutil,

grphexectime,
grphresptime,
grphthroughput,
grphinstlenvar,
logjfile(optinal)

- userdat

File Name:simulate
Description: User interface
Output File: userdat
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